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PEPTIC ULCERS 


AND THE INTERBRAIN'! 


HARVEY CUSHING, M.D., Boston 


Professor of Surgery, Harvard University 


HE generous founder of this lecture- 

ship, Dr. Donald Balfour, has recently 

reported the results of one thousand and 
more surgical procedures on the stomach and 
duodenum as conducted during the year 1930 
in the famous Clinic to which he is attached. 
Sixty-five per cent of the operations were for 
acute, subacute, or chronic, gastric, duodenal, 
or gastrojejunal ulcers. Since it is reason- 
able to assume that only a small proportion 
of the patients with peptic ulcers of one sort 
or an other that sought advice during this 
period were operated upon,” these figures 
indicate that the condition represents one 
of the most common maladies of the present 
day. 

Until roentgenology and the opaque meal 
came to add a measure of precision to our 
clinical diagnoses, many ulcers naturally 
enough went unrecognized during life, but it 
is highly unlikely that they should have been 
similarly overlooked by pathological anato- 
mists by whom forty years ago duodenal ulcer, 
at least, was looked upon as a rare disorder. 
What my colleague, Dr. Christian, has re- 
cently pointed out*—that the incidence of 
many maladies, commonly seen in his wards 

2In a later issue of the weekly Proceedings of. the Mayo Clinic, for 
October 7, 1931, Dr. H. R. Hartman states that in 1928 the diagnosis 
of gastric or duodenal ulcer was made in 2,499 patients. In 2,015 in- 
stances (go per cent), the lesion was duodenal, in 224 instances (10 per 
cent) gastric, and in 27 cases (1 per cent) both gastric and duodenal 


ulcers were present. Of the duodenal ulcers, 797 (or 39 per cent), and 
of the gastric ulcers 155 (69 per cent), were operated upon. 


3 Sixteenth Annual Report of the Peter Bent Brigham Hospital for the 
year 1920, P 139. 


during the past fifteen years, has remained 
stationary or fallen off whereas gastric and 
duodenal ulcer has increased four-fold—can 
scarcely be ascribed wholly to improved meth- 
ods of diagnosis. 

Since the characteristic local lesion may be 
the only discernible evidence cf disease to be 
disclosed after death, it has naturally enough 
been ascribed to purely local causes—vascu- 
lar, traumatic, bacterial, biochemical or secre- 
tory. By various ingenious experimental de- 
vices, many have succeeded in producing acute 
peptic ulcers or erosions in the lower animals, 
and under certain circumstances the mucosal 
defects thus produced fail to heal. But it is 
only in man that ulcers occur spontaneously 
with any considerable frequency, and it is not 
at all improbable that the prevalence, par- 
ticularly of duodenal ulcers, has something to 
do with the strain and stress of modern life; 
for people today rarely find it possible to lead 
the comparatively placid existence enjoyed by 
their forebears. 

All clinicians are familiar with the facts: 
(1) that “highly strung” persons are particu- 
larly susceptible to “nervous indigestion” and 
associated ulcer; (2) that ulcers become symp- 
tomatically quiescent or even tend to heal 
when patients are put mentally and physically 
at rest; and (3) that symptoms are prone to 
recur so soon as the victim of the disorder 
resumes his former tasks and responsibilities. 
Though this emotional or psychic aspect of 


1Being the basis of the fourth Balfour Lecture, given a year ago at the University of Toronto, April 8, 1931. 
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the ulcer problem has been frequently em- 
phasized in the past, the locus of the primitive 
emotions and their relation to parasympa- 
thetic discharges and vagotonia has only come 
to be partly understood in recent years. It is 
proper, therefore, at the outset to disclaim 
any pretense toward a novel explanation of 
the pathogenesis of ulcer. At the same time, 
the hope is expressed that what will be forth- 
coming may serve in a measure to reconcile 
the several conflicting hypotheses, many if 
not all of which doubtless contain certain 
elements of truth. 

What has incited my interest in the subject 
has been the disturbing experience of having 
lost three patients from acute perforations of 
the upper alimentary canal soon after what 
appeared to be successful operations for the 
removal of intracranial tumors; and that each 
of these tumors happened to be situated in the 
cerebellum could not, it seemed to me, be 
other than of some significance. How to ex- 
plain these occurrences was the difficult prob- 
lem and in the attempt herein to do so, I may 
best proceed by first giving an account of the 
three distressing episodes. 

I. CASE REPORTS 
a. Acute Postoperative Perforations 

These, as stated, in all three instances fol- 
lowed suboccipital operations for cerebellar 
tumors. 


Case 1. (P. B. B. H. Surgical No. 3055.!) Cere- 
bellar symptoms of six months’ duration. Suboccipital 
exploration under ether anesthesia. Enucleation of 
subcortical angioblastoma from right cerebellar hemi- 
sphere. Acute abdominal symptoms. Death in 24 hours 
from general peritonitis due io multiple perforations of 
the stomach. 

June 11, 1915. On the advice of Dr. C. C. Burpee, 
of Malden, Massachusetts, the patient, Alvar C., 
aged 34 years, a bank clerk, was admitted to the 
Brigham Hospital because of a choked disc and other 
evidences of brain tumor. 

Past history. He had had scarlet fever as a child 
complicated by an otitis media; also an attack of 
typhoid when aged 20 years, but otherwise had 
always enjoyed good health until the onset of his 
present symptoms. He had been married nine years, 
had raised a family and was a man of exemplary 
habits. 


1This case has been briefly reported in another connection: Cushing 
and Bailey, ‘‘ Blood-Vessel Tumors of the Brain,” C. C. Thomas, 1928, 
Case XVII, page 124. 
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Anamuesis. In December, 1914, six months before 
admission, he began having suboccipital headaches 
followed ere long by failing vision. In March, 1915, 
his gait became unsteady and a month later he began 
to have attacks of morning vomiting accompanied 
by nausea. Diplopia, dizziness, and tremor of the 
hands had also been recently observed. 

Physical examination. Apart from the neurological 
signs, which were unequivocally those of a right 
cerebellar tumor with secondary hydrocephalus and 
choked disc, the examination was wholly negative. 
Regarding the abdomen, the record states that ‘‘no 
masses were seen or felt; no tenderness, muscle 
spasm or rigidity. Spleen and kidneys not palpable. 
Liver dullness extends to costal margin in mid- 
clavicular line. Percussion note everywhere tym- 
panitic.”’ 

Operation. June 17, 1915. 10 a.m. The patient 
was placed face-down in a comfortable position on 
the cerebellar table and anesthetized by warm ether 
vapor, the Connell apparatus being used for its de- 
livery through a nasal tube. The usual bilateral 
suboccipital exploration was made with exposure of 
both cerebellar hemispheres and removal of the bone 
comprising the posterior half of the foramen mag- 
num. To lower tension the left lateral ventricle was 
punctured before opening the somewhat tense dura. 
On reflecting the membrane a superficially placed, 
evidently benign tumor was disclosed in the center 
of the right cerebellar field. The tumor, about the 
size of a golf ball, was readily enucleated intact 
owing to its smooth surface and definite capsule. 
The bleeding was trifling and easily controlled by 
a few clips. The wound was closed carefully in 
layers in the usual detail. 

The anesthetic had been given by Dr. W. M. 
Boothby with the Connell apparatus and was 
smoothly taken. The operation lasted just short of 
three hours and at its conclusion the patient was in 
good condition and there seemed to be no reason to 
expect anything other than an uneventful recovery. 

Subsequent notes. On first regaining consciousness 
(1.30 p.m.), while still in position on the operating 
table, the patient complained of feeling chilly and of 
abdominal discomfort. He vomited more than usual 

(a bile-stained fluid) and his bowels moved freely, 
the stool containing mucus streaked faintly with 
blood. After he was removed from the table at 
3.30 p.m., he complained of increasing abdominal 
pain; the belly seemed somewhat stiff and tender to 
palpation but no especial significance was attached 
to the fact. During the rest of the afternoon, he 
continued occasionally to retch, vomit, belch, and 
pass gas per rectum. He had also a peculiar grunting 
expiration which, however, was regular and without 
Cheyne-Stokes’ rhythm. 

He was finally taken to the ward at 6 p.m. His 
rectal temperature was then 102.4 degrees. Owing 
to restlessness and further complaints of abdominal 
pain, he was given at 8.30 p.m. a sixth of a grain of 
morphia subcutaneously. Not long after this his 
pulse and respiration began to quicken and at 10.30 





p.m. to quiet him he was given another one-sixth of 
morphia. From this time onward he became pro- 
gressively worse; at 1.00 a.m. his rectal temperature 
was 104 degrees. His appearance an hour later, when 
I was called to see him by my then assistant, Dr. 
E. B. Towne, reminded me of a state of “‘hyper- 
thermic shock,’’ whatever was meant by that. 

My personal notes state: “‘2 a.m. He is conscious, 
alert and subjectively comfortable but breathing 
rapidly with an expiratory grunt; no rhythmicity 
about respiratory act; pulse very irregular, often 
barely perceptible and uncountable at the wrist. 
Extremities cold and clammy though he says they 
feel hot.” 

And again at: “5 a.m. Has slept off and on the 
past three hours on his morphia. No change in gen- 
eral condition. Has voided. Difficult to tell what is 
wrong. He is mentally clear and cheerful. The 
abdomen is slightly distended and so sensitive it 
cannot be touched without making him wince. This 
superficial tenderness suggests some spinal cord (re- 
ferred pain) complication. To exclude the possibil- 
ity of a postoperative clot a lumbar puncture has 
been made. Fluid found clear and not under 
tension.” 

“6.30 a.m. Definitely failing though remains con- 
scious and clear. Pulse barely perceptible. The con- 
dition now looks more like a general peritonitis as 
from a perforative ulcer, a mesenteric thrombosis, 
or acute obstruction (though no vomiting since mor- 
phia) than any intracranial condition with which I 
am familiar.” 

He grew increasingly worse, became cyanotic and 
nearly pulseless and the end came at 10.15 a.m., 
just twenty-four hours after the start of the op- 
eration. 


[It was subsequently learned from the pa- 
tient’s wife that on the day before his opera- 
tion he had eaten some cake, brought to him 
by a visitor, and this had disagreed with him. 
Indeed, so long as she had known him, he had 
always had a poor digestion and would fre- 
quently regurgitate food “‘like a baby with an 
overfilled stomach.” In 1903, he had had an 
attack supposed to be appendicitis with “‘stop- 
page” from which he had recovered without 
operation after discharging some dark mate- 
rial by the bowel.| 


Postmortem examination (Dr. J. L. Stoddard). The 
unrestricted autopsy was held at 1.15 p.m., three 
hours after death. Apart from the recent operative 
wound the intracranial conditions were normal. 
There was no evidence of clot or postoperative 
cedema. 

The peritoneal cavity contained a large amount 
of turbid fluid with a generalized acute fibrinous 
peritonitis particularly marked in the upper abdo- 
men. The stomach showed three circular perfora- 
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tions half way between the cardia and pylorus on 
the lesser curvature (Fig. 1, frontispiece). About 
these perforations there were no indurations or indi- 
cations of inflammatory reaction. On opening the 
stomach an acute process was disclosed resembling 
the acute gastritis of a corrosive poisoning. There 
were widespread submucosal hemorrhages and the 
mucous membrane in many places was so damaged 
the organ could readily have been torn by the fingers. 
The process was more marked in the cardiac half of 
the stomach and the lower portion of the oesophagus 
was likewise involved with longitudinal slits in the 
mucous membrane and submucosal hemorrhages. 
In certain areas, as at the site of the three perfora- 
tions, the wall was actually necrotic throughout. 

Microscopical examination (Prof. W. T. Council- 
man): Stomach. Sections from the involved areas 
showed a normal mucosa with no degeneration of 
the glands though in places there was a slight infil- 
tration with polynuclear cells. Sections from the 
margins of the mucosal rents showed evidence of 
hemorrhage into the coats as though torn by me- 
chanical violence. The punctate areas in the fundus 
proved to be shallow, hemorrhagic erosions (Fig. 2) 
with marked oedema of the submucosa and a heavy 
infiltration of polymorphonuclear leucocytes involv- 
ing all coats, even to the serosa, unmistakably an 
antemortem process. 


In his further discussion of the case, Dr. 
Councilman expressed the belief that inflation 
of the stomach by ether vapor had produced 
the rents in the mucosa. This view was re- 
garded, however, as highly improbable for the 
Connell apparatus, which gives a measured 
percentage in tension of warmed ether vapor, 
had been utilized without accident of the sort 
in thousands of cases, many of them patients 
with cerebellar tumors. Several other possible 
explanations were considered: (1) for an acute 
corrosive poisoning there was no apparent 
source; (2) an agonal digestion of the stomach 
wall did not accord with the clinical evidences 
of peritonitis long before death; (3) the pa- 
tient’s face-down position for many hours 
on the operating table was considered as a 
possible cause only to be discarded. 

At about this time, G. M. Smith [1] had 
shown that haemorrhagic ulcerations or ero- 
sions with necrosis could be easily produced 
when a combination of bile and 5 per cent 
hydrochloric acid were experimentally injected 
into the fasting stomach of animals. There 
had been no occasion to make a gastric analy- 
sis of the patient before the operation, but 
the history subsequently elicited suggesting 
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that he had suffered from hyperacidity cou- 
pled with the fact that on recovery from 
the anxsthetic he had vomited an abun- 
dance of bile-stained fluid seemed therefore 
to offer the most plausible explanation of 
the lesions. 

This harrowing experience, unsatisfactorily 
accounted for, was wellnigh forgotten when 
twelve years later it was vividly recalled by 
the series of events in the following case: 


Case 2. (Surgical No. 30113.) Cerebellar-tumor 
symptoms of five years’ duration. Suboccipital explora- 
tion under local anesthesia temporarily supplemented 
by ether. Incomplete electrosurgical extirpation of huge 
astrocytoma. Prolonged operation. Acute abdominal 
symptoms three days later with death on fourth post- 
operative day. Autopsy: multiple acute perforations of 
duodenum. : 

George M., an engineer, 34 years of age, was ad- 
mitted Vovember 16, 1927, with the full blown pic- 
ture of a cerebellar tumor. Symptoms had occurred 
with the following chronology: For five years, dizzi- 
ness on stooping with subsequent blurring of sight, 
also suboccipital stiffness and tenderness; for three 
years, occasional attacks of vomiting without nau- 
sea; for two years, increasing dysarthria and dys- 
phagia, ascribed to the extraction of teeth; for 
eighteen months, loss of visual acuity; for ten 
months, staggering gait; for six months, increasing 
weakness of the right side; for three months, occa- 
sional ‘“‘cerebellar fits” with retraction of neck, 
sweating, dizziness, and temporary unconsciousness; 
for two months, periodic diplopia. 

Examination. This showed: a bilateral choked 
disc of 5 diopters; marked ataxia and slight hypezs- 
thesia of all extremities; sustained nystagmus to 
either side; left abducens palsy; marked static in- 
stability with tendency to deviate to the right; sub- 
occipital tenderness; right astereognosis; dysphagia 
and dysarthria. 

Operation. November 29, 1927. The cerebellum 
was exposed by the usual bilateral crossbow incision 
with puncture of the dilated lateral ventricles. A 
median tumor was disclosed which grossly resembled 
an ependymoma but which proved to be a fibrillary 
astrocytoma. It had a long tongue projecting so 
far into the spinal canal that a laminectomy of the 
axis as well as of the atlas was necessary in order to 
expose its lower pole (Fig. 3). This forbidding 
growth was radically attacked but its extirpation 
was finally abandoned short of completion owing to 
respiratory difficulties set up by manipulations of 
the residual fragment which overlay the posterior 
floor of the ventricle. 

The operation was started at 10.30 a.m. under 
novocain anzsthesia; at 12.50 p.m., because the 
handling of the tumor was causing the patient dis- 


1In a report on the cerebellar astrocytomas (Sur & Obst., 


g., Gynec 


1931, ill, 129-204), t Case 53. 


tress, inhalation narcosis was substituted. Owing to 
the tough, rubbery character of the growth it was 
removed piece-meal by electrosurgical methods, and 
the current was frequently in use during the three 
hours from 12.50 to 3.50 p.m. while the patient was 
under ether. The wound closure was not completed 
till 5.30 p.m. by which time consciousness had been 
wholly regained. 

Postoperative course. The patient was kept on the 
cerebellar table during the next several hours, for 
though his general condition was satisfactory, this 
position enabled the mucus and saliva, which he 
had difficulty in swallowing, to drain from his mouth. 
In two hours the rectal temperature had risen to 
104.8 degrees. He was sponged and the temperature 
fell. At 11 p.m., he was removed from the table to 
bed. By 7.30a.m., the next morning, he was thought 
to be out of danger and was returned to the ward: 
pulse 110, respirations 12, rectal temperature 1o1 
degrees. He took liquid nourishment well though 
the pre-operative difficulty in deglutition was evi- 
dently increased. A lumbar puncture was performed, 
35 cubic centimeters of blood tinged fluid not under 
tension being removed. 

His condition appeared in every way to be satis- 
factory during the next two days until 4.15 p.m., 
December 2, when he had a sudden violent epigastric 
pain which spread over the abdomen and into the 
shoulders. This was ascribed to a probable pleuritis 
and an attendant thought he heard a friction rub in 
the right anterior axillary line. Rectal temperature 
was 102.4 degrees. He soon became exceedingly rest- 
less and was given 10 milligrams morphia, which 
quieted him. The temperature continued to rise dur- 
ing the night and at 5.30 a.m., December 3, had 
reached 106.2 degrees. There had been no vomiting 
and no suspicion of an acute abdominal complication 
was at any time aroused. The radial pulse became 
imperceptible and he died at 8.15 a.m. on this, the 
fourth postoperative day. 

Postmortem examination 4 hours after death (Dr. 
G. A. Bennett). The brain showed a residual mass 
of non-adherent tumor deeply indenting and flat- 
tening the medulla (Fig. 4). The lungs apart from 
slight hypostatic congestion were normal in ap- 
pearance. 

The peritoneal cavity was found to contain 1100 
cubic centimeters of a dark reddish-brown fluid. 
When this was removed a generalized diffuse fibrino- 
plastic peritonitis was disclosed. On separating the 
intestines which were held together by the sticky 
fibrinous exudate two perforations of irregular shape, 
through which the contents of the bowel were easily 
expressed, were found in the wall of the duodenum 
about 3 centimeters distal to the pylorus (Fig. 5). 
The larger opening measured roughly 12 by 14 milli- 
meters, the smaller 9 by 8 millimeters. Neither of 
them was indurated or showed evidence of a chronic 
inflammatory process. About 5 centimeters farther 
down the duodenum were two shallow ulcerations 
or erosions in the mucous membrane, the larger of 
them measuring 8 by 4 millimeters in diameter. The 
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Fig. 2 
(mag. X 1 
gastric mucosa, the ampulla of Vater, the pancreas, 
and its ducts were all of normal appearance. 

Microscopical examination, Sections at the mar 
gins of the perforated areas showed merely a loss 
of structure with marked adema and fibrin deposi 
tion. Those taken through the erosions showed a 
completely destroyed mucosa which was replaced 
by an exudate of fibrin, inflammatory cells, and 
blood; the submucosa and to some extent the muscu 
laris were ocdematous and heavily infiltrated with 
polymorphonuclear leucocytes, Ivmphocytes, and 
fibroblasts. Homogeneous blue-staining thrombi, in 
which polymorphonuclear leucocytes were incorpo 
rated, were present in the capillaries, small arteries, 
and veins, both of muscularis and submucosa. Occa 
sional arteries of considerable size were surrounded 
by coarse meshed fibrin. ‘These features, in the 
opinion of the pathologists, were those constantly 
seen in duodenal ulcer and indicated that vascular 
thrombosis was the local cause of the lesions which 
were unmistakably antemortem in origin. 


The operation in this case, as events proved, 
was ill judged, for the patient might have re 
covered had the tumor been left alone and the 
chance taken of providing symptomatic relief 
by decompressive measures. But this source 
of regret lies apart from the present discussion. 
What concerns us is the fact that here again 
was a fatality from a perforative peritonitis, 
wholly unsuspected during life. The attack 
of acute abdominal pain, which doubtless 
ushered in the process, was wrongly ascribed 


Case 1. Typical punctate hemorrhagic erosion extending through submucosa 
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toa probable pulmonary complication brought 
about by the patient's deglutitory difhculties. 

As in the first case, in an effort to explain 
the multiple perforations which here, to be 
sure, were duodenal rather than gastric, it was 
necessary again to consider: (1) the man’s face 
down position on the table; (2) the prolonged 
operative procedure; (3) the three-hour period 
of ether anwsthesia with the Connell appa 
ratus; and (4) the possibility of trauma in 
lifting the patient from the table. There, 
moreover, was the additional element of the 
powerful electrosurgical current that had been 
used with the negative electrode against the 
abdomen, the possible complications from 
which, in 1927, were unknown to us. Time, 
however, has shown from a multitude of other 
experiences that diathermy does not damage 
the nervous tissues, and though we have once 
seen a superticial burn due to imperfect con 
tact of the large negative electrode against the 
skin, no other ill effects have ever been 
observed. 

Here, then, was another distressing expe 
rience following a cerebellar operation with 
an early postoperative fatality due to mul 
tiple duodenal perforations for which there 
Was no ready explanation. “Phe account of a 
third episode of similar kind follows. 








Showing: 
ectomy of both atlas and axis for its exposure; //, the resicual part of the tumor. 


Fig. 3. Case 2. 


Case 3. (Surgical No. 30532.) Highly advanced 
cerebellar syndrome ina child. Suboccipital operation 
under ether with incomplete removal of large vascular 
medulloblastoma. Transfusion. Postoperative dys- 
phagia with vomiting of brown fluid. Wound reopened 
with second transfusion. Autopsy: Perforation of 
wsophagus with digestion of mediastinal tissues. 

January 23, 1928. On the recommendation of Dr. 
John L. Eckel of Buffalo, Joseph C., 10 years of 
age, was admitted as an emergency with the un- 
mistakable signs of a cerebellar tumor. The symp- 
toms in their order of onset were as follows: For 
two or three years clumsiness, instability and ataxia; 
for six months, increasing dysarthria; for three 
months, suboccipital headaches and vomiting; for 
one month, tinnitus and internal squint. 

Examination showed a bedridden child with an 
enlarged head, a secondary optic atrophy with near 
blindness; a persistent wandering nystagmus; a left 
abducens palsy; paresis of left facial nerve; slurring 
of speech; marked ataxia, hypotonicity and hyper- 
metria of all extremities with absent deep reflexes. 

Operation. January 26th. 10.40 a.m. As the child 
was too ill and unco-operative for local anwsthesia, 
gas-ether was employed. The suboccipital approach 
was exceedingly difficult and bloody. In spite of a 
preliminary ventricular puncture, so soon as the left 
cerebellar hemisphere was exposed a huge median 
tumor began to extrude through the thin overlying 
cortex. The growth was so vascular, it was mistaken 
for an angioma cavernosum. It was impossible to 
do more than to scoop and suck out what appeared 
to be the chief mass of the growth and to control 
bleeding by electrosurgical methods and temporary 
packing. It was a desperate procedure and not until 
four hours had elapsed was it thought safe to close the 
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Residual 
tumor 


7, Median astrocytoma with spinal tongue necessitating lamin- 





The child’s 


wound. 
radial blood pressure 
during the fast hour 
was too low to be reg- 
istered but a trans- 


fusion of blood was 
given with prompt 
improvement. The 
extirpation was nec- 
essarily left incom- 
plete but it was hoped 
that enough of the 
growth had been re- 
moved temporarily 
to relieve pressure 
symptoms while ra- 
diotherapeusis could 
be employed. 

On the following 
day, January 27, fear- 
ing from the child’s 
symptoms that a clot 
might have formed, 
at 11 a.m. the entire 
wound was reopened 
under local anasthe- 
sia. At this session great masses of highly infiltrated 
tumor which were extruding from the cavity were 
removed with further loss of blood necessitating a 
second transfusion which promptly restored the 
fallen pressures. 

During the remainder of this second day and 
night, the child seemed much improved and there 
was hope of recovery. Apart from the occasional 
vomiting of brownish ‘coffee ground”’ fluid, which 
caused us to apprehend a possible erosion of the 
gastric mucosa, conditions seemed favorable until 
6 a.m. on January 28 when there was a sudden rise 
of temperature to 104.4 degrees. This was associ- 
ated with labored respiration, bronchial rales and 
considerable cyanosis. Two hours later the tem- 
perature had risen to 106 degrees. There was copious 
vomiting of brownish black fluid. 

On the remote chance that the unfavorable turn 
was due to a clot or to a further dislodgment of in- 
filtrated tumor, the wound at 9.15 a.m. was again 
quickly opened and closed without anything being 
found to account for the symptoms. A third trans- 
fusion was given with imagined improvement but 
this was temporary and the child died at 1.40 p.m., 
with a temperature of 106 degrees, some 50 hours 
after the first operation. 

Autopsy one hour after death; unrestricted (Dr. 
R. Z. Schulz). The brain showed a large residual 
mass of the tumor which extended up into the lateral 
recess alongside the brain stem and projected through 
the incisura tentorii flattening the side of the pons 
(Figs. 6 and 7). There was a secondary hydro- 
cephalus of high degree. The tumor proved to be 
a medulloblastoma. 

In the further progress of the examination, the 
peritoneal cavity and the subdiaphragmatic organs 





et al 





a 





CUSHING: 


were found to be nor- 
mal in all respects; 
this was true also of 
the right chest. The 
left pleural cavity, 
however, was largely 
filled by dark brown- 
ish fluid of precisely 
the same type that the 
patient had occasion- 
ally vomited; floating 
on its surface was a 
considerable amount 
of free fatty material 
and whitish débris. 
When, after removal 
of the fluid, the nor- 
mal-appearing and 
crepitant lung was 
tilted forward, it could 
be seen that the pleu 
ra, over a large area in- 
cluding the side of the 
pericardium, the dome 
of the diaphragm, the 
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bodies of the vertebrae Fig. 4. Case 2. Showing flattening and indentation of the medulla by residual fragment 


and posterior tho- of the non-adherent tumor. 
racic wall, had been 
digested away together with the fat and areolar tissue 
of the mediastinal space. ‘This left the aorta and its 
branches, the mediastinal nerves, the vertebrae, and 
the oesophagus cleanly exposed as in a dissection 
(Fig. 8). In the side of the oesophagus was a ragged 
hole about 3 centimeters in length from which, on 
compressing the stomach, the same brownish mate- 
rial found in the chest could be expelled. 

Specimens of the free fluid after filtration showed 
a total acidity percentage of 52, which is about the 
upper limit of normal for free and combined acids 
in gastric contents. A piece of omental fat circu 
5 centimeters in diameter was incubated in 40 cubic 
centimeters of the fluid and in 48 hours had dis- 
appeared, many fat globules remaining on the sur 
face. A piece of muscle similarly treated was reduced 
to about a fifth of its original size in 72 hours. 

Microscopical examination of the lower cesophag 
eal wall showed a highly oedematous and_ partly 
autolyzed tissue containing occasional erythrocytes 
and an abundance of polymorphonuclear leucocytes. 


Here, as in the two preceding cases, there 
were definite antemortem evidences of the le- 
sion. The dark colored vomitus suggested an 
erosion somewhere in the upper alimentary 
canal, but the absence of all abdominal signs 
threw us wholly off the track, an oesophageal 
perforation being unsuspected. 

This startling experience was reminiscent of 
that in the two foregoing cases only for the 
reason that the antecedent operations had 


also been for a cerebellar tumor. Otherwise, 
there might have been no inclination to seek 
a common explanation for the three episodes, 
particularly since the perforative lesion oc- 
curred in a different situation in each instance. 
This child at the time of operation was in a 
seriously enfeebled condition and in view of 
the subsequent hyperthermia might well 
enough have had an agonal digestion of the 
cesophagus; and this was the contemporary 
belief expressed by the pathologists. (Eso- 
phageal perforations of like kind I recall hav 
ing occasionally seen years ago at autopsies 
on typhoid-fever victims, it having been as- 
sumed that the perforation was due to regur 
zitation of gastric contents into the cesopha 
gus; and to non-perforative ulcers of this same 
origin the once not uncommon post-typhoidal 
strictures of the «esophagus were formerly 
ascribed. It is, of course, known that true 
peptic ulcers may occur in aberrant islands of 
gastric mucosa |2| in the lower cesophagus 
just as they may occur in the patches of gas 
tric mucosa in the presence of Meckel’s di 
verticula |3 ; but these anomalously situated 
lesions, though they may have some bearing 
on the subject, lie apart from the present 
discussion. 
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Fig. 5. 


Case 2. 


In each of these three cases, furthermore, 
there were antemortem symptoms: shown in 
Case 1 by acute abdominal pain, tenderness, 
and distention which preceded death by 
twenty hours; in Case 2 by sudden acute up- 
per abdominal pain sixteen hours antecedent 
to death; and in Case 3 by the vomiting of 
fluid discolored by changed blood and by res- 
piratory disturbances for some twelve to four- 
teen hours before death. The operations in 
Cases 2 and 3 were highly critical procedures 
that must seriously have drawn upon the pa- 
tient’s resistance, but this was not true of the 
operation in Case 1. From these three obser- 
vations, it is altogether natural to assume that 
erosions, which may not go on to actual per- 
foration, are possibly of more frequent occur- 
rence after operations for brain tumor than 
is commonly supposed. To this question we 
may now turn. 


b. Antemortem Mucosal Erosions 


Mucosal erosions whether they happen to be 
hemorrhagic in type or conform to the so- 
called stigmata of Beneke [4] are well known 
to pathologists. They were fully described 
by Carl Rokitansky, and Samuel Wilks in his 
celebrated “Lectures on Pathological Anat- 
omy” stated [5]: 


Showing (slightly reduced) the perforations and erosions of the duodenum. 


‘“We occasionally meet with small gastric ulcers, 
perhaps entirely unsuspected in the fatal illness, the 
symptoms having been overwhelmed by those of the 
main disease. These we have seen as single, reni- 
form, or circular erosions, generally near the pylorus; 
sometimes they are quite shallow, and a little blood 
extravasated in the mucous membrane around would 
give rise to the suspicion that hemorrhage into the 
tissue, weakening it and leading to its solution, may 
be a cause of such ulcers.” 


The circumstances that permit one to dem- 
onstrate mucosal erosions after an intracranial 
operation are not often combined: namely, 
(1) an operation of the sort to produce them; 
(2) a postoperative fatality at the proper time 
to find them, for the multiple small erosions 
such as may be produced by a great variety 
of experimental methods are known to heal 
over quickly; (3) permission, after a fatal op- 
eration on the brain, for an unrestricted au- 
topsy; and (4) a more careful scrutiny of the 
gastroduodenal mucosa than is customary, 
particularly when the obvious cause of death 
lies elsewhere. 

The absence of one or another of the four 
necessary factors mentioned may in part ex- 
plain how it is that only two examples are 
here recorded. One of them happened to be 
come upon while making a statistical study 
of the cerebellar astrocytomas a few years ago. 
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Case 3. 


Case 4. (Surgical No. 664.) Recurrent cerebellar 
astrocytoma. Death after third operation due to strep- 
tococcal meningitis. Hamorrhagic erosions of stomach 
noted at autopsy. 

A child, six years of age, with an advanced cere- 
bellar syndrome and blindness first came under ob- 
servation at the Johns Hopkins Hospital; and on 
May 24, 1910, a large cerebellar cyst was opened and 
drained with freedom of symptoms for a year. On 
August 3, 1911, a large, recurrent, cystic tumor was 
partially removed by the late Dr. E. H. Nichols of 
Boston, again with a good temporary recovery. On 
December 8, 1913, she was admitted to the Brigham 
Hospital for recurrence of symptoms, among which 
occipital headaches, projectile vomiting, and consti- 
pation were prominent. At a third operation, a solid 
tumor mass was removed, the child dying six days 
later from a streptococcal meningitis with a tem- 
perature of 107 degrees. 

The protocol of the autopsy, held 3% hours after 
death, states that: ‘‘Near the cardia along the 
greater curvature are found several areas where the 
mucous membrane is lacking, the largest measuring 
3 millimeters in diameter. The bases of these ulcers 
(sic) are reddened as is also the fundus of the stom- 
ach.” 

No sections were cut and the lesions were simply 
recorded by painstaking observers as incidental 
findings. 


Showing residual tumor mass (medulloblastoma) extending into left lateral 


How often similar small erosions of the gas- 
tric mucosa may occur after cranial operations 
is wholly conjectural, but their presence would 
explain why the vomitus not infrequently con- 
tains traces of blood which ordinarily is sup- 
posed to have been swallowed. The following 
is a recent example of erosions found at au- 
topsy after a fatal operation for a lesion in the 
subfrontal rather than the cerebellar region. 


Case 5. (Surgical No. 37259.) LExtirpation of 
large olfactory groove meningioma. Injury to anterior 
cerebral arteries and fatality after 48 hours. Haemor 
rhagic erosions of stomach found post mortem. 

A 53 year old mill worker entered the hospital 
September 11, 1930, on the recommendation of Dr. 
1. A. Farrell of Pawtucket, Rhode Island. For six 
months he had been working under a strain and his 
family learned accidentally that he had been vomit 
ing every morning while at work and that he had 
shown some emotional instability. He was supposed 
to havea nervous breakdown. Three months later he 
began to have impairment of sight in the right eye 
with increasing weakness in the left side of the body. 

Examination. This revealed an apathetic, hemipa- 
retic man with impaired memory and some disorien 
tation. There was an apparent left homonymous 
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Fig. 7. Case 3. 


tumor. 


hemianopsia to rough tests, a low grade of choked 
disc and loss of sense of smell in the right nostril. 
A diagnosis was made of a right frontal tumor, 
possibly an olfactory groove meningioma; this diag- 
nosis was supported by ventriculography. 

Operation. On September 23, under novocain anxs- 
thesia, a large right frontal boneflap was turned 
down disclosing a tense dura. After retlecting this 
membrane and uncapping the right frontal lobe, a 
typical nodular meningioma of considerable size (132 
grams) was disclosed. The temptation to enucleate 
this tumor intact rather than by preliminary excava- 
tion and piece-meal removal was not resisted. At 
the final moment of dislodging the solid growth (Fig. 
9) from its bed, there was a sudden profuse hemor- 
rhage. Both anterior cerebral arteries firmly em- 
bedded in the tumor had been torn off. They were 
fortunately caught up in the sucker and occluded 
by clips before there was a serious loss of blood. 

Following this operative accident the patient, as 
was anticipated, had a bilateral spastic paralysis of 
both lower extremities associated with spontaneous 
clonic movements. He exhibited the usual clutching 
and grasping reflexes in the right hand which alone 
retained spontaneous movements. 

On the following day when the wound was dressed 
some slightly blood tinged cerebrospinal fluid was 
removed from under the flap. Because he was taking 
nourishment poorly a nasal tube was introduced 
which withdrew about 50 cubic centimeters of coffee- 
ground material in which erythrocytes were demon- 
strable by microscopical examination. On the second 
day his temperature suddenly rose to 107 degrees 
and he died in hyperthermia 48 hours after the con- 
clusion of the operation. Shortly before his exitus 
he vomited a large amount of bloody fluid. 
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To show (nat. size) involvement of brain stem by residual 


Aulopsy. Permission was given for an unrestricted 
and immediate examination which was made twenty 
minutes after death (Dr. R. Z. Schulz). It was 
found that the tumor had been cleanly removed ex- 
cept for a small fragment incorporated with the 
stump of the right internal carotid artery. A clip 
had been placed apparently on the middle cerebral 
artery on the right side, probably also on the anterior 
cerebral on the left, though this could not be pre- 
cisely determined. 

On opening the stomach numerous flecks of coffee- 
ground material suggesting changed blood were 
found, also spots of recent hemorrhage with small 
clots attached to the surface of the mucosa which 
was studded with numerous small punctate ulcera- 
tions varying from 1 to 3 millimeters in diameter. 
When looked at through a magnifying glass (Fig. 10), 
they proved to have slightly irregular margins. The 
erosions were very superficial and were found scat- 
tered everywhere, both in fundic and pyloric regions, 
with no site of predilection. The mucous membrane 
of the cesophagus and small intestine was normal 
in appearance. 

Microscopical examination. Sections of the stom- 
ach showed numerous small mucosal haemorrhages, 
some with overlying erosions and some with the 
mucosal surface still intact (lig. 11). They were 
looked upon as essentially recent antemortem capil- 
lary hemorrhages. The red blood cells were well 
preserved and there was neither deposition nor 
phagocytosis of blood pigment. There was no evi- 
dence of arterial or capillary disease or any note- 
worthy constriction or thrombosis of the vessels. 
Nowhere were hemorrhages observed in the sub- 
mucosa, the architecture of which was normal in all 
respects. 
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Fig. 8. 
digestion leaving nerves and vessels wholly naked. 


Had we not been on the alert by this time 
(1930) for mucosal erosions after fatal opera- 
tions for brain tumor wherever situated, it is 
safe to say that the minute lesions described 
might easily have escaped notice or have been 
regarded as of no significance. Their histo- 
logical appearance coupled with the finding 
of demonstrable blood in the gastric contents 
twenty-four hours before death clearly indi- 
cates their antemortem character. Attention 
may be called to the fact that an olfactory 
groove tumor of the type described underlies 
the frontal lobe, and its posterior projection, 
overriding the optic chiasm, necessarily de- 
forms the third ventricle. There consequently 
is always a risk of injuring important struc- 
tures in the final dislodgment of the posterior 
fragments of such a growth even when it is 
removed piece-meal; and either from trauma 





Showing position of cesophageal perforation and upper visceral margin of mediastinal 


or because of the vascular accident described 
in the operative note, the operation in this 
case was equivalent to a decortication of the 
frontal lobes. While the relation to the subject 
in hand of this particular fronto-diencephalic 
region will be fully considered later on, it may 
suffice at the moment to point out that the 
seat of the operative manipulations was far 
removed from that associated with the per- 
forative lesions and erosions mentioned in the 
four preceding case reports. 


c. Gastric Erosions and Perforation Accom- 
panying Malignant I] ypertension 
Lesions similar to those already described 
occur in patients with intracranial conditions 
other than actual tumor. ‘Two recent exam- 
ples of malignant hypertension associated 
with choked disc may be briefly cited in 
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Fig. g. Case 5. 


Lateral view of the olfactory groove 
tumor (nat. size) showing below the nodule that projected 
into the pituitary fossa between the anterior legs of the 
chiasm; also a branch of the torn anterior cerebral artery 
with clip. 


illustration. In one of them the erosion led 
rapidly to perforation resembling the conical 
“punched ulcer”? which in my student days 
was associated in the mind of the profession 
with some constitutional predisposition, more 
particularly with that once common disorder, 
chlorosis. 


Case 6. (Medical No. 37972.) Malignant hyper- 
lension with choked discs. Moderate arteriosclerosis 
with cardiac hypertrophy. Hydrothorax. Death with 
hyperthermia. Autopsy: multiple recent gastric ulcers. 

On November 14, 1930, a poorly nourished, high- 
strung divorcée 32 years of age, supporting herself 
and her children as a bookkeeper, entered the hos- 
pital with a history of five months of headache, 
dyspnoea, palpitation, insomnia, nycturia, and indi- 
gestion, with occasional attacks of nausea and vomit- 
ing. Examination showed an enlarged heart, mod- 
erate arteriosclerosis, choked discs, a blood pressure 
of 270/150, and slight traces of albumin in the urine. 

She developed hydrothorax, which was relieved 
by punctures, and in course of the next six weeks 
went gradually down hill in spite of all efforts to 
alleviate her condition. On January 7, she became 
unconscious, developed fever, remained in coma for 
24 hours and after a series of convulsive seizures 
died at 11 a.m. on January 8, with a terminal tem- 
perature of 104 degrees. 

Autopsy: 2% hours after death (Dr. Hertig). The 
examination revealed chronic myocarditis, mild vas- 
cular nephritis, moderate general arteriosclerosis, bi 
lateral hydrothorax, and multiple recent gastric ul- 
cers. The gastric mucosa was found to be intensely 





injected and to contain numerous, small stellate- 
shaped recent ulcerations, more marked on the lesser 
curvature, to many of which fairly recent blood clots 
were adherent. The mucosa of the duodenum was 
injected but without ulcerations. The gastro-intesti- 
nal tract elsewhere presented nothing of note. 

Microscopical sections of the stomach showed, in 
addition to the recent acute erosions, a generalized 
congestion with thickening of the arterioles of the 
mucosa (Fig. 12). The base of the ulcerative defects 
contained a slight amount of necrotic débris, a 
few polymorphonuclear leucocytes, the surrounding 
struma being infiltrated by leucocytes, plasma cells, 
and lymphocytes. The mucosa was greatly con- 
gested and many small, tightly contracted and 
thrombosed arteries were present both in mucosa 
and submucosa (Fig. 13). The larger vessels showed 
practically no intimal change. 


In the following case—an example of the 
same clinical disorder—there had been an 
antemortem perforation of the stomach into 
the lesser peritoneal cavity. 


CasE 7. (Surgical No. 35716.) Malignant hyper- 
tension with choked discs. Moderate arteriosclerosis 
with cardiac hypertrophy. Hamatemesis. Perforation 
of gastric ulcer. Operation. Death after five days. De- 
layed autopsy. Autodigestion of stomach. 

On January 29, 1930, Seth W., a somewhat obese 
man, aged 44 years, was transferred from the 
Deaconess Hospital as a brain-tumor suspect be- 
cause of headaches and failing vision associated with 
vascular hypertension of a year’s duration. He was 
not a “‘nervous”’ person and had never been troubled 
by gastric symptoms of any kind. 

Examination. This disclosed choked discs of six 
diopters with secondary atrophy and visual acuity 
reduced to 20/200. The blood pressure was 210/145 





Showing (mag. X 20) the appearance 


Fig. 10. Case 5. 
of one of the punctate hemorrhagic erosions. 
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Fig. 11. Case 5. Type of antemortem mucosal hemorrhage associated in other areas with 


erosions (mag. X 75). 


and the heart was slightly enlarged. Occasional 
hyaline casts were found in the urine and on two 
occasions the slightest possible trace of albumin. 
The examination was otherwise negative. 

On February 5, to exclude tumor, ventriculograms 
were made and the ventricular cavities found to be 
normal in position and outline. On February ro, a 
sudden hematemesis occurred with vomiting of 500 
cubic centimeters of blood. This was repeated on 
the following day with the loss of another 800 cubic 
centimeters of blood. For the resultant secondary 
anemia (hemoglobin 50 per cent, erythrocytes 
1,920,000), the patient was treated medically and 
seemed to be doing well when suddenly at 5 p.m. 
on February 17 he was seized with severe epigastric 
pain, and an exploratory operation by Dr. John 
Powers disclosed a perforation in the posterior wall 
of the stomach 1 centimeter in diameter and 8 centi 
meters proximal ‘to the pylorus. This ulcer was 
closed, inverted, and plicated, and the patient trans 
fused. He did reasonably well for the next five days 
when he became comatose and died February 22 at 
7.30 p.m. with a rectal temperature of 104 degrees. 

Autopsy (February 23rd, 8.15 a.m.) revealed a peri 
tonitis restricted to the lesser peritoneal cavity with 
terminal septicemia from a gas-producing bacillus. 
The sutures closing the perforation had been dissolved 


away and the stomach was in shreds from auto 
digestion. The pancreas had become involved and 
there was extensive fat necrosis. Postmortem changes 
in the brain, which was riddled with gas bubbles, 
made its microscopical study unprofitable. Apart 
from considerable sclerosis of the cerebral vessels, 
there was no tumor or other observable organic 
lesion. 


In striking contrast were the simple gastric 
erosions observed at the early autopsy on 
Case 6 and the extreme autolysis of the stom- 
ach found in this last case in which the exami- 
nation had been delayed for twelve hours. 
The lesions in both might well enough have 
been regarded as having been due to post 
mortem digestion had it not been for the 
hemorrhagic nature of the erosions in the first 
case and the history in the other, of a per- 
foration which occurred five days before death. 

The possible dependence of what is known 
as gastromalacia upon some neurosecretory 
disturbance in the gastric wall prior to death 
may next be considered. 








Case 6. 


Fig. 12. 


mucosa (mag. X 22). 


d. Gaslromalacia 


In his first communication to the Royal So- 
ciety, made somewhat reluctantly at Sir John 
Pringle’s solicitation, John Hunter stated that 
after death, a ‘‘dissolution of the stomach at 
its great extremity ” is occasionally found; and 
as this condition had been most frequently 
seen in the bodies of those who had died vio- 
lent deaths, it was naturally ascribed to a 
postmortem continuance of digestion.’ Why 
the stomach does not digest itself during life 
Hunter answered much as the question might 
be answered today, by saying it can only do 
so when deprived of the “living principle.” 
Even this was doubted by Claude Bernard 
and his English pupil, Pavy, of Guy’s Hospital 
who showed that the solvent power of the gas- 
tric secretion could act on living tissue. It was 
assumed that the layer of mucus was what pro- 
tected the secreting membrane from the action 
of its own juices, until Pavy in 1868 offered 

! Years later, another Scot, Robert Carswell (cf. Edinb. M. & S. J., 1830, 


Xxxiv, 282-311), putting this to the test of experiment showed: (1) that 
the dependent portion of the stomach of rabbits killed after feeding was 


always found digested; (2) that the gastric juice from such an animal 
transferred to the empty stomach of a dead rabbit would digest its wall; 
and (3) that autodigestion did not occur in the stomach of an animal 
killed while starving, or in one whose gastric contents were immediately 


washed out after death. In short, postmortem autodigestion only occurs 


when the stomach is secreting. It remained for Pavlov and others to 
make clear that the presence of food in the stomach was not the only 
factor in exciting the flow of gastric juice 
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Showing type of erosion associated with thrombosed vessels in sub- 





an explanation so 
simple it met with 
almost universal 
approval at the 
time and in vari- 
ous guises is peri- 
odically revived 
in effect, that the 
normally alkaline 
blood circulating in 
the stomach walls 
counteracts the 
acid of the mucosal 
secretion. 

Death does not 
commonly occur 
among hospital pa- 
tients with chronic 
maladies while 
their stomachs are 
digesting food and 
this may account 
for the fact that 
what is known as gastromalacia, once the 
subject of ardent discussion, is nowadays in- 
frequently seen and rarely mentioned. While 
something more will be said of this matter 
later on, two examples of the process may here 
be cited as an extreme contrast to the minute 
erosions described in Cases 4, 5, and 6 and 
the acute perforative lesions in the first three 
cases recorded. 


CasE 8. (Surgical No. 25562.) Symptoms suggest- 
ing a right cerebellopontile tumor. Negative explora- 
tion. Fatality on third day. Autopsy: Large aneu- 
rism of basilar artery; extreme wsophago-gastromalacia. 

Archibald McL., a mining engineer aged 47 years, 
referred from the Battle Creek Sanitarium, was ad- 
mitted January 11, 1926, for a presumptive cere- 
bellar tumor. 

Anamnesis. There had been: (1) for seven years, 
suboccipital headaches produced by any sudden jar 
and progressively increasing in severity; (2) for four 
years, a continuous bilateral tinnitus, deglutitory 
difficulties, a sensation of tightness in the right face, 
and diplopia on looking to the left; (3) for one 
year, ataxia of hands and a drunken instability 
of gait; (4) for two or three months, a right facial 
palsy, constipation and difficulty of emptying the 
bladder. 

Examination. This disclosed a low grade of papil- 
loedema, nystagmus, a right trigeminal hypesthesia, 
paresis of the right face, a moderate bilateral deaf- 
ness, ataxia of cerebellar type, and an absent gag reflex 
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with some dysphagia 
and dysarthria. The 
blood Wassermann 
was negative; the 
blood pressure 140/80. 
A tumor of the right 
lateral recess was pre- 
dicted. 

Operation: Januiry 
26. Asuboccipital ex- 
ploration under local 
anesthesia failed to 
reveal the expected 
tumor. The manipu- 
lations, while in 
search of it, produced 
a marked fall in blood 
pressure and pro- 
voked spells of vomit- 
ing which continued 
off and on during the 
remainder of the pro- 
cedure. There was no 
herniation of the cere- 
bellar tonsils; in fact, ; 
the upper spinal cord 72> 53 
appeared to “ride” 
higher in the foramen 
than usual, the ninth, 
tenth, and eleventh 
nerves being well exposed to view. 
was closed. 

During the remainder of the day he vomited fre- 
quently and for some unaccountable reason his dys- 
phagia and dysarthria were more marked than be 
fore. On the following day, January 27, though still 
nauseated his condition was good and no anxiety 
was felt regarding his recovery. On the morning of 
January 29, the third day, he seemed to be doing 
well but he was found at noon to have a temperature 
of 104 degrees. A lumbar puncture was performed 
disclosing faintly blood tinged fluid under no increase 
of tension. During the afternoon, the lungs began 
to fill with secretion, he becarne increasingly cya- 
notic, and passed into a deep stupor followed by 
death at 1.30 a.m. on January 30, the morning of 
the fourth day. Because of deglutitory impairment 
no nourishment had been taken by mouth for over 

12 hours. 

Autopsy: 7.30 a.m., six hours after death (Dr. H. 
Pinkerton). This disclosed: (1) a large aneurism of 
the basilar artery greatly distorting the brain stem 
(lig. 14); (2) generalized arteriosclerosis; (3) a ter 
minal bronchopneumonia; and (4) gastromalacia. 
The peritoneal cavity in the region of the spleen 
contained 500 cubic centimeters of brownish dirty 
fluid containing small masses of mucus. The fundus 
of the stomach and lower cesophagus were found to 
be completely disrupted and in shreds. A perfora 
tion measuring 15 centimeters in diameter was pres- 
ent with dissolution of the adjacent stomach wall. 
The rupture extended up to the cardia and into the 
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The wound 
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Case 6. Showing congestion and thrombosis of mucosal veins with beginning 
erosion. Note constricted and throrabosed artery in lower right hand corner of field 


cesophagus for a distance of about 10 centimeters. 
The pyloric region showed considerable autodiges 
tion which involved the superficial layers only. 


Here was a typical example of postmortem 
autolysis of the stomach and cesophagus in 
which the presence of changed blood in the 
gastric contents was not observed during life. 
But inasmuch as no nourishment had been 
taken, the presence of half a litre of brownish 
fluid found free in the abdomen can scarcely 
be accounted for unless the gastric mucosa 
had been actively secreting long before the 
cessation of circulation. 

In the following example of gastromalacia, 
evidences that erosions were present before 
death are somewhat more definite. 


Case gy. (Surgical No. 34711.) /xlir pation of right 
parictal metastatic hypernephroma. Death after 36 
hours. Antemortem regurgitation of blood containing 
Nuid. Autopsy: gastromalacia and awsophageal per 
forations. 

John G., a carpenter, 58 years of age, was ad- 
mitted August 28, 1929, in a stuporous condition 
with the history of headaches for the preceding six 
months. The eyegrounds were normal; there was 
no evidence of nephritis or arteriosclerosis. In the 
process of making a ventriculogram for diagnostic 
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Case 8. 


Fig. 14. 
lateral recess (cf. projection of sac to left) and causing marked deformation of brain 
stem. 


purposes the needle entered a xanthochromic cyst 
in the right parietal lobe. 

On September roth (g a.m.), an exploratory opera- 
tion under novocain was made by Dr. Horrax and 
a partly cystic tumor which proved to be a meta- 
static hypernephroma was enucleated. On the fol- 
lowing day at 10.30 a.m. because of continued stupor 
and a rising temperature (104 degrees) the flap was 
re-elevated under the mistaken belief that a post- 
operative clot had formed. 

The patient remained unconscious and unrespon- 
sive with stertorous respirations and an evident 
hemiplegia. At 6.30 p.m. he was given a nasal feed- 
ing which was promptly regurgitated with a large 
amount of dark brownish material evidently contain- 
ing changed blood. Death occurred at 9.45 p.m., 
eleven hours after the second operation with a rectal 
temperature of 103.4 degrees. 


Aneurism of the basilar artery (nat. size) mistaken for tumor of right 


Autopsy: 3 hours after death (Dr. Connor). The 
brain showed oedema of the right cerebral hemisphere 
but contained no additional metastases. There was 
a primary hypernephroma of the left kidney and 
bronchopneumonia. A bilateral perforation of the 
cesophageal wall communicated with the right and 
left pleural cavities, each of which contained about 
400 cubic centimeters of brownish mucoid fluid con- 
taining fat droplets. The oesophageal openings meas- 
ured from 4 to 5 centimeters in length, and the 
adjacent cesophageal tube was necrotic, only a few 
strands of fibrous tissue, nerves, and blood vessels 
remaining. The margin of the digested area in the 
thorax showed a border of reddening suggesting that 
the circulation must have been in action at least in the 
early stages of the process. The fundus of the stom- 
ach was highly necrotic, with only a few blood ves- 
sels, nerves, and strings of reddish mucous material 
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remaining. The pyloric end of the stomach was 
comparatively unaffected and the remainder of the 
gastro-intestinal tract showed no change. 


The important features of this example of 
cesophago-gastromalacia from the point of 
view of the present discussion are: (1) the 
presence of dark-brown fluid (probably blood- 
containing) regurgitated three hours before 
death; (2) the note in the pathologist’s pro- 
tocol that the appearance suggested an ante- 
mortem even if an agonal process. As in Case 
3, also with cesophageal perforation, it is dif- 
ficult to understand how the pleural cavity 
should have contained such a large amount 
of blood-containing gastric fluid had the stom- 
ach not been actively secreting and have re- 
tained its motility after the perforations oc- 
curred even were they agonal events. As this 
is the only tenable explanation for the condi- 
tions found, it presupposes some disturbance 
of control on the part of the vegetative nerv- 
ous system which served in some way to set 
aside Hunter’s “living principle” and at the 
same time to provide an abundant gastric 
secretion. For in the absence of active gastric 
juice the process could hardly have occurred. 


e. Chronic Ulcer 


All the lesions discussed up to this point might 
well enough have been ascribed to postmortem 
or agonal changes had it not been for sympto- 
matic evidences of peritonitis or of pain or of 
blood in the gastric contents several hours be- 
fore death. Even so, the process in all in- 
stances has been an acute one whereas the 
cardinal clinical feature of a gastric ulcer is 
its peculiar chronicity. This, first clearly 
pointed out by Cruveilhier, must have been 
known to John Hunter, to judge from Clift’s 
drawings of some of his specimens published 
in Matthew Baillie’s Morbid Anatomy (1799); 
but just what Hunter thought about them, 
unfortunately, went up in smoke when his 
manuscripts were burned. 

What it is that favors chronicity in a gastric 
or duodenal ulcer is a much debated subject. 
All will agree, however, that an erosion of the 
mucosa must be the primary stage in its for- 
mation; and since there is every reason to be- 
lieve that acute erosions (of the type described 
in Case 5) are of common occurrence, any one 
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of them may well enough be the precursor of 
a chronic lesion, should the original insult be 
sufficiently great or should a minor insult be 
continuous or frequently repeated at the same 
spot. As a matter of fact, a duodenal ulcer 
at least shows every inclination to heal, as 
indicated by the frequency with which shal- 
low scars are found after death, and its tend- 
ency to recur, rather than any pathological 
evidence of chronicity, is its peculiar charac- 
teristic. 

Only one pathologically verified chronic ul- 
cer which, with reasonable assurance, can be 
ascribed to an encephalic lesion, has been 
observed in our tumor series. The history of 
the case follows: 


CasE 10. (Surgical No. 29708.) Radical removal 
from a child of a median cerebellar medulloblastoma 
with wide opening of fourth ventricle. Repeated sub- 
sequent radiotherapeutic sessions. Death after two 
years. Massive intraventricular recurrence. Duodenal 
ulcer with evidences of cicatrization. 

The patient, Ruth F.,! aged 9, was admitted Sep- 
tember 23, 1927, with an advanced cerebellar tumor 
syndrome of seven months’ duration: headaches, 
projectile vomiting, loss of weight, anorexia, cere- 
bellar ataxia, and choked discs. 

At operation on October 6, 1927, a typical midline 
cerebellar medulloblastoma was cleanly extirpated, 
chiefly by suction, leaving the floor of the fourth 
ventricle fully exposed. The patient made a good 
recovery from this operation and was subsequently 
given X-ray treatments over the entire cerebrospinal 
axis at intervals of from two to four months. For 
the first year she remained wholly free from symp- 
toms. 

She was readmitted to hospital July 29, 1929, be- 
cause of the abrupt accession of symptoms of a 
week’s duration. A series of six X-ray treatments 
were then given and she was again discharged. For 
the first time, no improvement followed this series 
of radiations and on September 21, 1929, she was 
again admitted to hospital. She had become apa- 
thetic, incontinent, and emaciated. There were daily 
attacks of vomiting; feeding was a difficult problem; 
there was a constant slight pyrexia. 

In spite of her desperately poor condition, a re- 
exploration of the cerebellar region was made on 
October 10. This was disappointing in that it failed 
to disclose the expected local recurrence, the frag- 
ment of tissue that was removed after redividing the 
vermis proving, under supravital preparation, to be 
wholly degenerated tumor. In the course of the op- 
eration clear fluid had been obtained by a puncture 
of the cerebral ventricles, and this, on examination, 
failed to show any tumor cells. 


1 Case 50 of medulloblastoma series as reported: Acta Path. et Micro- 
biol., Scand., 1930, vii, 1-86. 
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Fig. 15. Case ro. 


Following this futile procedure, the child’s critical 
condition remained unchanged. In the subsequent 
bedside notes, attention was called to her abundant 
perspiration which was limited almost wholly to the 
right side of the face. She gradually passed into coma 
and died on October 27 at 2.42 p.m., with a terminal 
hyperthermia (106.5 degrees). An unrestricted post- 
mortem examination was held one hour later. 

Autopsy: 3.45 p.m. (Dr. Schulz). Two striking 
things were disclosed: (1) a massive intraventricular 
involvement by tumor (Fig. 15) in the absence of 
macroscopical evidence of tumor implantation in the 
spinal or cerebral meninges; and (2) a chronic duo- 
denal ulcer. The oesophagus and stomach were 
wholly normal in appearance, the mucosa being well 
preserved, but in the first portion of the duodenum, 
3 centimeters below the pyloric sphincter, was a 
small ulcer measuring 3 by 4 millimeters. It had 
a firm, elevated margin and depressed center form- 
ing a crater. The lower bowel elsewhere was appar- 
ently normal. 

Microscopical examination of the ulcer shows that 
it extends down to the muscularis, that its margins 
are steep and slightly undermined (Fig. 16). On its 
floor there is a narrow zone of dense hyalinized con- 
nective tissue, and in one region some fibrin and 
blood cells. Within the excavated crater lie desqua- 
mated epithelium and blood elements. The scar 
tissue at the rim of the ulcer shows chronic inflam- 
matory cell infiltration. In the adjacent tissue are 


Note invasion of medulla and massive obliteration of cerebral ventricular 
system by recurrent medulloblastoma. 


small thrombosed blood vessels filled with fibrin and 
a few polymorphonuclear leucocytes (Fig. 17). 


In this case a large recurrent, thoroughly 
radiated medulloblastoma filled the cerebral 
intraventricular system. The child had been 
subject to frequent attacks of sudden vomit- 
ing, but as this is characteristic of most cere- 
bellar tumors, its possible association with a 
peptic ulcer was not suspected, nor were any 
studies made in this direction. During the 
course of cerebellar operations on patients 
under local anesthesia, it is well known that 
vomiting may be easily provoked, and this is 
commonly ascribed to stimulation of the vagal 
nucleus in the floor of the fourth ventricle. 
What is more, all neurosurgeons are familiar 
with the fact that after major intracranial 
operations the vomitus for the first few days 
may show evidences of changed blood. While 
this is usually attributed to the swallowing of 
blood from some source during the progress 
of the operation, it is highly probable that it 
may be due, more often than is commonly 
supposed, to acute neurogenic erosions. 

















CUSHING: 


Fig. 16. Case to. 
ventricle (cf. Fig. 15). 


Though I am not aware of any other ex- 
amples in my tumor series of the postmortem 
finding of a chronic ulcer, we not infrequently 
see in the hospital wards patients recovering 
from serious intracranial operations in whom 
during convalescence digestive disturbances 
are in evidence which strongly suggest incipi- 
ent ulcer symptoms. But this perhaps is true 
no less of operations of other sorts. Somewhat 
more definite is the fact that a goodly number 
of patients with symptomatic evidences of an 
organic lesion in the region of the third ven- 
tricle have had a roentgenologically demon- 
strable gastric or duodenal ulcer. The follow- 
ing example will serve in illustration. 


CAsE 11. (Surgical No. 34129.) Yumor of third 
ventricle (demonstrated by ventriculography) causing 
pressure symptoms associated with gastro-intestinal 
disturbances. Subsequent periodic radiation of lesion 
with marked improvement. Recurrent duodenal ulcer. 

Edward C., an electrician, aged 25 years, was ad- 
mitted June 5, 1929. Apart from periodic indiges- 
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in child associated with tumor metastasis involving third 


tion, to which scant attention was paid, he had en- 
joyed uniformly good health. Suddenly, on May 72, 
1929, fatigued by a 200 mile motor car drive, he had 
a sudden severe occipital headache with vomiting. 
A succession of these occurrences followed and he 
was soon obliged to give up work. The seizures 
which came in paroxysms were characterized by re 
traction of the neck, dizziness, sweating, protrusion 
of the eyes, and painful flexure of the arms; they 
would terminate with a cough or a yawn when sud- 
den relief would be experienced. He was taken to 
a hospital on May 37 and treated for “ gastric symp- 
toms.”’ While under observation, he acquired a di 
plopia with choked disc and was transferred to the 
Brigham Hospital as a brain tumor suspect. 
Examination. This showed a man with a rigid 
neck, a bilateral abducens palsy more marked on 
the right, and a choked disc of 4 diopters. The re 
flexes were hyperactive, with a bilateral Babinski. 
Ventriculograms disclosed a symmetrically disposed 
hydrocephalus with a filling defect of the third ven 
tricle and a block of the foramina of Monro. He 
was given a series of four X-ray treatments, began 
promptly to improve, and the choked discs rapidly 
subsided. He was discharged June 23 practically 
symptom-free and two weeks later resumed his 
occupation. 





. 


Fig. 17. Case 10. Showing, from squared area in Figure 16, 
thrombosed vessels and cicatrization of mucosa in lower right part 


of field (mag. X 100). 


He remained well for over a year when he once 
more began to have “nervous indigestion”’ associ- 
ated with nausea and hunger pains for which he 
finally reported to the ambulatory clinic. Suspecting 
that these symptoms might be due to a recurrence 
of the intracranial lesion, and as the patient was 
unwilling to re-enter the hospital for study, the at- 
tendant recommended further radiation of the third 
ventricle and on February 18, 19, and 21, 1931, three 
additional treatments were given. After an interval 
of twe weeks, the symptoms again disappeared and 
he was lost sight of. No dietary restrictions had at 
any time been imposed. 

Eleven months elapsed when on January 18, 1932, 
he again reported to the clinic stating that his gastric 
symptoms had recurred and he wished to have more 
X-ray treatments. Because the symptoms were so 
suggestive of ulcer, barium studies were made and 
a typical active duodenal ulcer was disclosed. As he 
was unwilling to enter the hospital to have his 
ventriculograms repeated, he was given another se- 
ries of radiotherapeutic treatments on January 18, 
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1g, 20, and 21, directed to the third ventricle. 
Within three days after the last session, the 
symptoms of indigestion had wholly disap- 
peared and he returned to work. He reported 
on request, March 3, for barium studies which 
showed the trace of a healed ulcer unasso- 
ciated with local tenderness. He was symptom 
free and could eat the most indigestible arti- 
cles (e.g. cabbage) without discomfort. 


Here, then, was a symptomatic and 
roentgenologically demonstrable duode- 
nal ulcer associated with a symptomatic 
and roentgenologically demonstrated tu- 
mor of the third ventricle. The growth 
fortunately proved to be susceptible to 
the effects of roentgen therapy, and when 
pressure symptoms were thereby relieved 
the gastric symptoms promptly sub- 
sided. Indeed, in the absence of any 
actual return of intracranial symptoms, 


tricle have on two subsequent occasions 
had a prompt and long enduring effect 
in checking the recurrent symptoms of 
the ulcer. 

Other examples of symptomatic and 
roentgenologically demonstrable ulcer 
have been encountered in association 
with diabetes insipidus and with tumors 


“* ap Png, of the nervus acusticus; but it is need- 
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less further to pile up the evidence drawn 
from a single clinic, particularly since 
the relation of organic intracranial dis- 
ease to peptic erosions or ulcers will come 
up for later discussion. 


II. PATHOGENESIS OF PEPTIC ULCERATIONS 


A satisfactory, all-embracing explanation of 
acute or chronic ulcerations of stomach and 
duodenum is yet to be found. From the first 
it has been a highly controversial subject re- 
garding which there are many divergent views. 
Until an acceptable explanation is reached, 
we cannot look forward to the prevention of 
ulcer, and physicians and surgeons will con- 
tinue to differ widely in their views regarding 
the proper therapeutic regimen to follow in 
its active stage and how to forestall its tend- 
ency to recur when once healed. What is 
more, even those surgeons who believe that 
most ulcers should be operated upon differ in 
the procedures which they advocate for its 


therapeutic radiations of the third ven- 




















cure or alleviation. It, indeed, is doubted in 
some quarters whether hemorrhagic erosions 
(cf. Cases 4 and 5) or acute perforative lesions 
(cf. Cases 1, 2, 3, and 7) or gastromalacia (cf. 
Cases 8 and g) are in any way related to 
chronic ulcer, it being the fashion just now in 
some foreign clinics to ascribe ulcer, as Cru- 
veilhier did long ago, to an antecedent gas- 
tritis. 

The literature of ulcer pathogenesis is enor- 
mous. In his review of the subject [6] in ror1, 
Moeller cited 325 references, and this number 
in the intervening two decades has probably 
been quadrupled. Based on experiment or on 
experience at bedside and operating table, 
pathologists, physiologists, pharmacologists, 
and clinicians have offered innumerable ex- 
planations. Old hypotheses long forgotten are 
from time to time revived with some slight 
modification, and the fact that in defence of 
each one of them a strong brief could be writ- 
ten means that in all probability more than 
one causative element must be concerned. It 
indeed is quite possible that the several hy- 
potheses—vascular, traumatic, secretory, 
toxic, bacterial, biochemical, and so on—are 
capable of being harmonized. 

Most of the attempts experimentally to pro- 
duce in the lower animals peptic ulcers have 
been made on the stomach itself under the 
assumption that the disorder is essentially a 
local one. Erosions and occasionally chronic 
ulcers have thus been produced by a great 
variety of procedures which in most instances 
are remote from the circumstances in which 
ulcer so commonly occurs in man. Attention, 
indeed, has been so largely confined to the 
local search for an explanation of the lesions 
that their ease of production by injuries of 
the central nervous system has been largely 
forgotten though it is an old story. In his 
discussion of ulcer pathogenesis in 1885, Pro- 
fessor Welch stated [7| that ‘‘the neurotic 
theory of the origin of gastric ulcer is alto- 
gether speculative and has never gained wide 
acceptance.’’ While this view is generally held 
at the present day, the evidence in favor of 
the theory is nevertheless accumulating and 
in the succeeding sections I shall endeavor to 
draw it together as briefly as circumstances 
make possible. 
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a. Neurogenic versus local Explanations 


In a section of his celebrated Handbuch der 
pathologischen Anatomie (1841-1846)! dealing 
with ‘‘the ulcerative processes of the stom- 
ach,” Carl Rokitansky described with unsur- 
passed clearness, brevity, and detail all the 
processes that have been illustrated in the 
eleven cases given above—acute perforating 
ulcers, haemorrhagic erosions and the simple 
chronic ulcer. He also described two forms of 
acute softening which he sharply distinguished 
from cadaveric softening or self-digestion of 
the stomach. The first of them, a gelatinous 
softening, occurs in the newborn and is fre- 
quently associated with a demonstrable intra- 
cranial lesion; hence, ‘the proximate cause 
may be looked for in diseased innervation of 
the stomach, owing to a morbid condition 
of the vagus, and to extreme acidification of 
the gastric juice.” Of the second form of soft- 
ening he distinguishes two types: one of them 
“occurs, both in children and adults, as the 
sequel of acute affections of the brain or its 
membranes, and is probably brought about 
by a reflex action of the cesophageal and gas- 
tric branches of the vagus’’; in the other type 
associated with cachectic states, the stomach 
contains large quantities of ‘‘coffee-ground”’ 
fluid which is often vomited during life. Soft- 
ening of this latter type often attacks the 
lower third of the oesophagus (cf. Case 3) lead- 
ing to perforation and effusion into the left 
thorax. He admits that a conscientious pa- 
thologist may find difficulty in distinguishing 
betwecn cadaveric softening and morbid soft- 
ening unless he take the clinical history and 
mode of death into consideration. 

This, so far as I can gather, is the first defi- 
nite suggestion that any of the ulcerative 
processes under discussion may have a neuro- 
genic origin. So far as chronic ulcer is con- 
cerned, Rokitansky does not go further than 
to state that it probably commences as an 
acute circumscribed hemorrhagic erosion 
which increases by sloughing and exfoliation 
layer by layer, and is invariably accompanied 
by a chronic catarrh of the mucous membrane. 

Though his works are no longer read and 
his reputation as a pathologist was soon to be 


_ +The third volume, in which the pathology of the organs of nutrition 
is considered, was the first to be published (1841). 





eclipsed by the greater fame of Virchow, 
Rokitansky’s teaching based on a vast expe- 
rience gained at the autopsy table made a 
deep impression on his contemporaries which 
still endures. Thus, for example, there sur- 
vives in Vienna, whence it has spread into 
many pathological laboratories throughout 
the world, a tradition of the deadhouse, in 
effect, that autolytic destruction of the stom- 
ach is most often found in the bodies of per- 
sons who while digesting have died from an 
intracranial disorder, particularly when it was 
associated with a terminal fever of high de- 
gree. Beyond this the general subject of gas- 
tric erosions or of gastromalacia arouses no 
present-day interest and is scarcely mentioned 
in contemporary textbooks on pathology. 
That it has any possible bearing upon or any 
possible relation to chronic peptic ulcer is no 
lohger even suggested. 

Traceable to Virchow is the concept that 
ulter is essentially a local process; and out of 
this has come the highly unprofitable search 
for its primary cause in the walls of the stom- 
ach itself—a search beset by pitfalls and con- 
tradictions. The discredited view of Roki- 
tansky, on the other hand, that the disorder 
has a neurogenic source has slowly but surely 
gained ground! as our knowledge of the vege- 
tative nervous system and its cerebral con- 
nections has increased. His influence may be 
traced in four more or less independent direc- 
tions which deserve separate consideration. 
The first of them leads to the association of 
brain tumor and ulcer in regard to which, so 
far as I can observe, he made no allusion; the 
second concerns the gastroduodenal ulcers and 
erosions of infancy; the third leads to the ex- 
perimental production of ulcer by lesions of 
the nervous system; and the fourth, to con- 
cepts concerning ulcer production which have 
been looked upon as somewhat fantastic 
though based securely on pharmacological 


1In his brief discussion of ulcer in the article usually quoted (Vir- 
chow’s Arch., 1853, v, p. 363), Virchow makes no reference to Rokitansky 
and merely refers to a recent article by Guensburg (Arch. f. physiol. 
Heilk., 1852, xi, 516-527) who on the basis of a single clinical case 
showing hyperacidity advanced views regarding the possible vagal in- 
fluence on ulcer similar to those which Rokitansky had propounded 
eleven years before. It is probably because of this that Guensburg’s 
paper is so frequently referred to, as, for example, by Ewald in his 
“Lectures on Diseases of the Digestive Organs” (New Sydenham 
Society, London, 1892, ii, 425 et seg.) who quotes Guensburg as saying 
that “the (ulcerativel destruction of the mucous membrane of the 


stomach proceeds from a quantitative anomaly of the secretion of free 
acids.’ 
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grounds. The last of these four currents of 
thought is the most important; but to the 
others some reference, however brief, may in 
turn first be made. 


b. Ulcers and Intracranial Disorders 
f In most of the eleven cases assembled to 


' illustrate this report, the surgical procedure 


and not the tumor was looked upon as the 
provocative cause of the lesions in the upper 
alimentary canal. The exceptions were the 
two cases of hypertension with choked disc 
(Cases 6 and 7), the man (Case 11) with an 
unverified tumor of the third ventricle, and 
the child (Case 10) with intraventricular me- 
‘tastasis. As a matter of fact, in the absence 
of operative intervention, acute or chronic 
ulcers are known to accompany intracranial 
tumors, when properly situated to produce 
them, more often than can be explained by 
mere coincidence. The remarkable thing is 
that the combination of the two lesions should 
occur at all and be found postmortem, for an 
acute perforative gastric lesion is so obviously 
the immediate cause of death the brain may 
not be examined; or should an obvious intra- 
cranial tumor lead to a fatal issue, permission 
for a postmortem examination is likely to be 
restricted to an examination of the brain alone. 

Not only, therefore, are the combined le- 
sions—brain tumor and ulcer—unlikely to be 
observed, one masking the other, but, what 
is more, when observed and reported they are 
not easily located. Nevertheless, a few ex- 
amples, old and recent, may be given. In 
1868, Professor Carl Hoffmann, of Basel [8], 
one of the early upholders of the view that 
softening (cesophago- or gastromalacia) was 
a process which began before death, described 
two cases of cesophageal perforation in adults 
with antemortem signs of peritonitis. The 
second case had definite intracranial symp- 
toms and was found at autopsy, three and 
a half hours after death, to have a gummatous, 
interpeduncular tumor with softening of the 
right half of pons and medulla. 

In 1874, Rudolf Arndt, the Greifswald psy- 
chiatrist, in illustration of the fact that func- 
tional disturbances may produce symptoms 
remote from the seat of organic disease, re- 
ported the case [9] of a 26 year old woman 




















with nutritional disturbances, somnolence, 
amenorrhoea and vomiting, who died from the 
effects of a walnut-sized sarcoma of the me- 
ninges occupying the interpeduncular space at 
the base of the brain. There was also dis- 
closed, during the examination, a hyperemic 
softening of the stomach with numerous ec- 
chymoses of the fundus, a condition which 
was ascribed to a reflex disturbance of vagal 
innervation. Aware that this was not a very 
convincing case, some years later Arndt re- 
ported another example [10]—that of a man 
of 55 with cerebellar symptoms and Cheyne- 
Stokes respiration who was found after death 
to have a median cerebellar tumor compress- 
ing the corpora quadrigemina and medulla 
together with a markedly hyperemic and 
ecchymotic lower cesophagus and duodenum 
in association with ecchymoses, extravasa- 
tions, and hemorrhagic erosions of stomach. 
On the basis of these findings, and of the ex- 
periments of Schiff and of Ebstein to be re- 
ferred to later on, the author suggests that 
round ulcer is an angioneurosis or tropho- 
neurosis, the acute erosions being regarded, 
|in agreement with Rokitansky, as an early 
| stage of the chronic form of ulcer. 

Scattered through medical literature under 
various titles may be found other examples. 
In a study of the source of postoperative 
hematemesis observed in von Eiselsberg’s 
clinic after surgical operations, von Winiwarter 
[11] stated (1911) that in two unaccountable 
instances fatal bleeding from the stomach had 
followed intracranial operations; and in view 
of my own experiences it is curious that both 
of them were suboccipital operations for sup- 

posed cerebellar tumors. 

Subsequently, pathologists in various uni- 
versity centers began to show a renewed in- 
terest in these matters. Thus, in 1908 [4] 
Professor Beneke of Marburg, in a study of 
the causes of “black vomit,” furnished sta- 
tistics concerning gastric erosions and ecchy- 
moses observed in 293 autopsies on medical 
cases; and though the statistics are somewhat 
difficult to appraise, the two largest single 
groups accompanied by erosions were repre- 
sented (1) by diseases involving organs adja- 
cent to the stomach, and (2) by a group of 
sixty intracranial disorders, to which ten 
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others classified as ‘‘shock in the newly born”’ 


might well be added. In 1910 Professor 
Roessle of Jena made the interesting sugges- 
tion [12] that ulcer was commonly a secondary 
disease (sweite Krankheit), reflexly produced 
through irritation of the vagus by a primary 
disease elsewhere. Acting upon this idea, in 
1918 Professor Carl Hart, of Berlin [13], at- 
tempted to determine the relation, if any, 
between peptic ulcer and remote disorders; 
and he found to his surprise that 17 per cent 
of the ulcers disclosed postmortem during a 
period of four years were associated with aftec- 
tions of the brain—a percentage exceeding 
that in which cardiovascular disorders, tuber- 
culosis, or cholelithiasis represented the “‘ erste 
Krankheit.” 

Still more important have been certain 
studies emanating from the University of 
Moscow, where, under the leadership of the 
pathologist, Mogilnitzky, particular attention 
has been paid to the relation to ulcers of intra- 
cranial lesions definitely affecting the inter- 
brain, more particularly the corpus Luysii. 
In 1925 [14] he briefly mentioned four ex- 
amples of fatal intracranial disorders associ- 
ated with gastric ulcer; and three years later 
his pupil, Korst [15], after mentioning that 
Mogilnitzky had observed eight cases of tu- 
mor of the mid- or inter-brain with gastric or 
duodenal ulcer proceeds to give three other 
highly interesting examples. One of them was 
a frontal lobe tumor involving the basal gan- 
glia in which degenerative processes were ob- 
served in the right hypothalamic nucleus on 
the corresponding side; the second case, a 
three year old child, had an ependymal tumor 
of the fourth ventricle which had compressed 
the vagal nucleus and caused a marked hydro- 
cephalus, all the vegetative nuclei of the third 
ventricle being found degenerated; the third 
case was one of hydrocephalus associated with 
sclerosis of the brainstem and a complicating 
meningitis. In all three instances hamorrhagic 
erosions of the gastric mucous membrane were 
found after death. 


c. Ulcerative Processes in Infancy 

Five years after Rokitansky’s observations 
were published, there appeared a monograph 
[16] by Elsaesser on autodigestion of the 
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stomach as it occurs in the newborn; and this 
much quoted article served to revive the 
polemics between representatives of the Berlin 
and Vienna schools as to whether the process 
was purely cadaveric or whether it started 
intra vilam. Elsaesser’s report was based on 
the study of thirty-eight examples which he 
had observed, many of them having been 
found in association with intracranial disor- 
ders; but he emphasizes that erosions and 
softening occur only when the stomach is ac- 
tively digesting at the time of death. Though 
the postmortem examinations in all instances 
were delayed for twenty-four hours or longer, 
autodigestion was never observed except un- 
der the conditions mentioned. 

The bearing of all this upon the erosions, 
perforations, and ulcers of the newly born, 
often associated with melzna neonatorum, 
appears to be very largely overlooked or for- 
gotten, due possibly to the fact that imme- 
diately after parturition the mother gets more 
attention than the child. There nevertheless 
has been a later-day revival of interest in the 
subject. In 1911 it was pointed out by Rudolf 
Pott [17] from Beneke’s laboratory in Halle 
that intracranial birth hemorrhages are usu- 
ally caused by lacerations of the dura near 
the junction of tentorium and falx resulting 
in extravasations of blood into the posterior 
fossa. 

In several of the many reported cases, 
hemorrhagic mucosal erosions and occasion- 
ally hemorrhages into the adrenal glands were 
described in the autopsy protocols without 
any comment on their significance. In 1892, 
however, the attention of Professor v. Preus- 
chen of Greifswald was drawn to the matter 
by the example of an infant with melzna who 
died on the second day after birth, the autopsy 
showing (1) a subtentorial hemorrhage with 
extravasation into the fourth ventricle, and 
(2) hemorrhagic erosions of the gastric mu- 
cosa [18. He was led to believe that an in- 
tracranial lesion might be a common cause of 
melzna in infants, and in collaboration with 
Pomorski, then an assistant in Grawitz’ lab- 
oratory [19], experimental injuries of the hind 
brain were made in animals demonstrating the 
fact that erosions of the gastric mucosa were 
common sequels of such lesions. 





Though the examples of gastromalacia de- 
scribed by Elsaesser and the erosions of v. 
Preuschen mentioned above have been acute 
lesions, ulcerations of more chronic type which 
occur in the duodenum of infants and which 
are roentgenologically demonstrable, have 
more recently been the object of attention. 
Emmett Holt, in 1913, made a careful study 
of the subject [20] and two years later Ger- 
dine and Helmholz [21] recorded a series of 
eleven infants who before death had shown 
blood in vomitus or stools, duodenal ulcera- 
tions occasionally with perforations having 
been found at autopsy in all instances. 
Whereas v. Preuschen after due consideration 
discarded as improbable the bacterial origin 
of ulcer in the newly born, Gerdine and Helm- 
holz warmly supported their colleague Rose- 
now’s well known views in this regard, all of 
the lesions which were histologically examined 
having shown diplococci or streptococci. At- 
tention, however, may be drawn to the fact 
that in the only three instances in which the 
brain was examined meningitis was the cause 
of death; and it may also be noted that strep- 
tococci and staphylococci are organisms nor- 
mally found in the upper part of the alimen- 
tary canal. 

In the series of cases that I have reported, 
only three were children, one of whom was 
found to have had a perforation of the cesopha- 
gus. When this was called to the attention 
of my colleague, Professor K. D. Blackfan, 
he kindly looked into the matter and some- 
what to his surprise, I believe, found in the 
autopsy series for 1931 at the Children’s Hos- 
pital in Boston four examples of death from 
cesophageal perforation associated in all in- 
stances with an intracranial lesion (occlusion 
of the aqueduct of Sylvius with hydrocephalus 
I, meningitis 3). In all instances vomiting 
had characterized the malady and in one at 
least it contained large amounts of changed 
blood. 

In his Textbook of Diseases of the New Born 
(page 448), Von Reuss states that melena 
occurs more frequently after prolonged and 
difficult labors and suggests that cerebral 
birth injuries may predispose to erosions; and 
it is, of course, well known, as Helmholz and 
others have pointed out, that the roentgeno- 
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logically demonstrable duodenal ulcers in in- 
fants and children are prone to heal and prob- 
ably therefore are often overlooked.! 


d. Experimental Neurogenic Ulcerations 


So far, the argument favoring the neuro- 
genic production of erosions and ulcers may 
appear somewhat lame, based as it has been: 
(r) on the lesions which have been seen to 
occur as a sequel to certain intracranial opera- 
tions; (2) on the occasional accompaniment 
of intracranial tumors and ulcers; and (3) on 
the occurrence of ulcerative processes in the 
newborn in association with cerebral birth in- 
juries or intracranial disorders of other kinds. 
The issue has been largely a difference of 
opinion over the question, on the one hand, 
whether the erosions and softenings were in 
any way related to chronic ulcer, and, on the 
other, whether they were wholly cadaveric 
lesions or were attributable to processes which 
were already under way at the time of death. 
We now come to something more definite, 
namely, the consequence of experimental le- 
sions; and it may be best to consider sepa- 
rately: (1) the effect of lesions of the peripheral 
nerves to the stomach and (2) the effect of lesions 
of the brain. 

1. Peripheral lesions of vegetative nerves. 
Rokitansky, as has been told, assumed that 
the intracranial disorders to which he attrib- 
uted ulcer acted in some way through the 
mediation of the vagus and this naturally led 
at many hands to a vast amount of experi- 
mental work with highly contradictory results. 
What is more, reports were made from time 
to time of gastric ulcers in association with 
an involvement of the vagus by some patho- 
logical process such as a tuberculous lymph 
node or mediastinal tumor. It has been found 
in laboratory animals that erosions, at least, 
may be produced in rabbits or dogs either by 
stimulating or dividing one or both vagi, 
whether above or below the diaphragm; and 


1 Another condition deserving of mention in this connection as a pos- 
sible or probable secondary disorder rather than primary anomaly is the 
so al icauatie stenosis of the pylorus in infants. That this may 
be an expression of hypervagotonus resulting in muscular hypertrophy 
from spasm rather than a congenital anomaly has been suggested but 
never given full credence. Prof. Lehmann of Frankfurt aM. (Ztschr. 


f. Kinderh., 1931, 1, 691-704) has pointed out that it occurs not infre- 
quently in association with megalocolon, cardiospasm, congenital dila- 
tation of the bladder and so on—conditions which may likewise be 
looked upon as a consequence of hypertonicity in the cranio-sacral 
autonomic, 
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not only this but the same effects appear to 
follow stimulation or resection of the splanch- 
nic nerves or coeliac plexus whence pass the 
sympathetic nerves to the stomach. 

On wading through the literature of the 
subject, no possible order would seem to come 
from this chaos. But if the elementary fact is 
borne in mind that the thoraco-lumbar (sym- 
pathico-adrenal) system of Gaskell and the 
cranio-sacral (autonomic) system of Langley 
represent, as Hans Meyer has shown, a nicely 
balanced dual mechanism, the visceral effects 
of the two systems being antagonistic one to 
the other, it becomes apparent, in spite of the 
many contradictions, that the peripheral le- 
sions which have led with the greatest con- 
stancy in the laboratory to ulcerative lesions 
have either been paralytic on the part of 
sympathetic nerves or stimulatory on the part 
of the vagus. - 

Most of the experimental procedures, natu- 
rally enough, because of their greater ease of 
production, have been paralytic in nature; and 
though vagal section whether above or below 
the diaphragm has led to erosions and acute 
ulcerations at many hands, it is possible that, 
in the process of paralyzing the nerves, a pri- 
mary stimulatory effect may actually have 
been produced. But however this may be, 
more consistently successful results have fol- 
lowed severance of the splanchnic nerves or 
extirpation of the coeliac plexus—[e.g., dalla 
Vedova, 1900 (22); Durante, 1916 (23); and 
Gundelfinger, 1918 (24)|, or from bilateral 
adrenalectomy [e.g., Finzi, 1913 (25), Gibelli, 
1909 (26), and Mann, 1916 (27)]. 

The effects of long continued peripheral 
nerve excitation are far less easily investi- 
gated. Nevertheless, successful attempts have 
been made in this direction. Thus, Keppich 
in 1921 [28] produced gastric ulcers showing 
definite tendency to chronicity in ten out of 
eleven rabbits by placing electrodes on the 
vagi near the cardia and leading them out over 
the animal’s back so that the nerves could be 
intermittently stimulated over periods from 
‘ive to twenty-five days. And more recently 
Stahnke in 1924 [29], avoiding the compli- 
cating effects of a primary operation stimu- 
lated the vagi in dogs near the cardia by 
placing his electrodes in the lumen of the 
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lower cesophagus with resultant hypermo- 
tility, hypersecretion, pylorospasm, chronic 
gastritis and ultimate erosions. 

So far as the stomach is concerned, on this 
working basis of imbalance between sympa- 
thetic and parasympathetic systems, it is 
known that vagal stimulation causes increased 
motility and secretion, whereas sympathetic 
stimulation gives reverse effects; and as a 
natural corollary, vagal paralysis diminishes 
secretion and motility whereas sympathetic 
paralysis increases them presumably by re- 
leasing the vagus from the check normally ex- 
ercised by the sympathico-adrenal apparatus 
against its overaction. On these general prin- 
ciples is based the surgical division of the left 
branch of the vagus as it passes to the stomach 
wall—a procedure advocated for ulcer pa- 
tients showing high pre-operative free acidity 
with hypermotility, and routinely practised 
by some surgeons both in this country [30] 
and abroad with results said to be, at least 
temporarily, excellent.’ 


2. Lesions of Vegetative Tracts in the Brain 


In 1845, three years -after Rokitansky’s 
views became known, Moritz (Maurice) Schiff, 
a brilliant and highly original pupil of Magen- 
die’s, made the interesting observation [31] 
that a unilateral cerebral lesion in dogs and 
rabbits involving optic thalamus and adjacent 
cerebral peduncle would often lead, after a 
few days, to softening of the stomach and 
occasionally to actual perforation. Schiff as- 
cribed this to a patchy (en plague) neuropara- 
lytic hyperemia of the gastric mucous mem- 
brane brought about by injury of the central 
pathway for vasomotor nerves to the stomach. 
He subsequently observed also [32] that a uni- 
lateral division of the pons or of the medulla 
as far back as the calamus scriptorius, and also 
that hemisection of the two upper segments 
of the spinal cord, would cause the same effect. 
Whether unilateral division of the cord lower 
down or injuries of the sympathetic nervous 
system would produce lesions of the same kind 
he was unable to determine as the animals 
failed to survive. Nevertheless, by this in- 

4It however has been observed that gastric acidity may return in 
course of months or years after experimental double vagotomy even 
when associated with a subtotal gastrectomy, indicating a highly efficient 


compensatory mechanism (cf. Shapiro, P. F., 


- i and Berg, B. N.: Proc. 
Soc. Exper. Biol. & Med., 1932, xxix, 743-745. 





genious series of experiments, he was able to 
trace the course of the vasomotor nerves of the 
stomach (sic) from the thalamus to the com- 
mencement of the cervical cord. He also ob- 
served: (1) that stimulation of the corpora 
quadrigemina, the cerebral peduncles, the 
pons, and cerebellar peduncle caused gastric 
movements comparable to those elicited by 
vagus stimulation; (2) that these movements 
were blocked by division of the vagi; and (3) 
that stimulation of the splanchnics, and more 
particularly of the coeliac plexus, caused con- 
traction of the vessels of the stomach. 
Schiff’s final views regarding these matters 
were published in 1867 in his celebrated “ Lec- 
tures on the Physiology of Digestion” [33]. 
In general terms, he recognized that there 
were vasoconstrictor and vasodilator fibers to 
the stomach; that the former passed by way 
of the coeliac plexus, whereas flushing effects 
were produced by stimulation of fibers in the 
pneumogastric. It requires little imagination, 
reading between the lines of his discussion, to 
foresee the present-day distinction between 
counterbalancing sympathetic and parasym- 
pathetic systems, both of them under the con- 
trol of higher centers which Claude Bernard 
located in the medulla but which modern 
views, as will be seen, tend to place in the 
hypothalamic nuclei of the interbrain. 
Schiff’s experimental observations were soon 
repeated and essentially confirmed by others. 
In November 1875, Brown-Séquard [34], be- 
fore the Société Anatomique, exhibited the 
stomach of an animal which had died from 
the effects of a chronic perforative gastric ulcer 
produced by an injury (cauterization) of the 
cerebral cortex. While upholding Schiff’s 
views in general, he distinguishes between sof- 
tening and hemorrhagic lesions which latter 
he found to be a uniform consequence of ex- 
perimental injuries at the junction of the 
middle cerebellar peduncle and the pons. 
More fully reported were the series of con- 
temporary experiments carried out by Wil- 
helm Ebstein [35], then director of the Medi- 
cal Polyclinic in Breslau. By injecting chromic 
acid he made small unilateral punctate lesions 
alongside the anterior corpora quadrigemina 
without injury to the adjacent peduncle, and 
in nine of twenty-three animals succeeded in 
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producing ulcerative erosions. He also got 
similar though more delayed effects by uni- 
lateral lesions of the thalamus, medulla, and 
of the upper cervical cord, but found complete 
transsection of the cord to be without effect 
on the stomach. He attributed this negative 
result to the consequent lowering of blood 
pressure whereas the intracranial lesions, pre- 
sumably from stimulation of a vasomotor cen- 
ter, elevated the blood pressure leading to 
submucosal extravasations of blood which per- 
mitted the corrosive action of the gastric juice 
locally to take effect. 

Similar experiments were conducted some 
twenty years later by v. Preuschen and 
Pomorski [18, 19] as an outcome of their in- 
terest in melena neonatorum. Pulmonary and 
gastric hemorrhages were produced by punc- 
tate lesions of the crura cerebelli, corpora 
quadrigemina, pons and floor of the fourth 
ventricle in rabbits. Their most constant re- 
sults, however, occurred when chromic acid 
was injected into the right anterior colliculus, 
only two failures to get ulcerations after ten 
hours having been observed in eleven animals 
with lesions made in this situation. 

More recently (1925-1926) the matter has 
been taken up anew by Prof. Mogilnitzki and 
his surgical colleague Burdenko of the Uni- 
versity of Moscow [36]. With the object of 
stimulating or paralyzing vegetative nervous 
centers in the diencephalon, more particularly 
the corpus Luysii which they assumed to be 
the pathway for vasodilatation, they made 
lateral punctures into the hypothalamic re- 
gion and observed in stomach and duodenum 
not only hemorrhagic erosions and perfora- 
tions but also in some instances chronic cica- 
tricial ulcerations. Thus, from the time of 
Schiff, unilateral lesions, which in some way 
have affected not only the presumptive source 
of vegetative (vagal) impulses in the hypo- 
thalamus but the supposed pathway of the 
fibers from this region backward as far as the 
medulla and upper cord, have in the hands of 
several investigators led to ulcerative proc- 
esses in the stomach or duodenum with fairly 
consistent regularity. 

Most of these experiments, as will have been 
noted, have been made in rabbits, an animal 
particularly prone to show gastric erosions 
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under a great variety of circumstances; and 
what is more, the lesions in most instances 
have been without evidence of chronicity. A 
far more telling series of experiments has re- 
cently been carried out by Dr. Allen D. Keller, 
professor of physiology in the University of 
Alabama, who has kindly permitted me to 
give the following brief reference to his un- 
published observations. 


In a study primarily undertaken to throw light on 
the heat-regulating mechanisms of the brain stem 
in cats, bilateral lesions were made in the expecta- 
tion of freeing the hypothalamus from its connec- 
tions with the brain stem. From these operations 
the animals recovered perfectly, showed no appre- 
ciable effects of the lesions, and appeared to be en- 
tirely normal in all respects. After the expiration of 
a few days, however, they refused food, had spon- 
taneous vomiting, and died in from four to ten days 
Postmortem examinations invariably showed gastric 
lesions ranging from simple hyperemic areas to ero- 
sions extending through all the lavers of the gut, and 
to punched-out perforating ulcers. The definitely 
delimited hyperemic areas were always found at the 
terminal end of a small artery. The preliminary 
event, in other words, was a characteristic patch of 
hyperemia resulting in a submucosal extravasation 
visible from both mucosal and peritoneal surfaces, 
and which was definitely the precursor of the mu- 
cosal erosion. 


Many of these observations, therefore, 
which are in line with the original concept of 
Rokitansky tend to conciliate his views with 
those of Virchow in explaining how the local 
vascular lesion on which the gastric secretion 
acts comes to be brought about through neuro- 
genic influences. None of the recorded cere- 
bral lesions that have served experimentally 
to produce ulcer, except those of Burdenko 
and Mogilnitzki, have been made higher than 
the mid-brain, nor have they been sufficiently 
circumscribed, in want of knowledge concern- 
ing the precise pathway for the vegetative 
impulses, to permit us to determine whether 
the effects have been due to stimulation or to 
paralysis of efferent sympathetic or of para- 
sympathetic fiber tracts. 

That there are important nerve centers in 
the walls of the third ventricle was first em- 
phasized by Edinger, and the recent painstak- 
ing studies, particularly by Rioch (1930), have 
served to locate them in minute detail. From 
a physiological standpoint, three principal 
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nuclear accumulations (Beattie) may be dis- 
tinguished: (1) the supraoptic cluster, (2) the 
tuberal cluster, and (3) the more posteriorly 
situated hypothalamic cluster from which pu- 
pillary responses, sympathetic in character, 
can be electrically elicited. Stimulation of the 
tuberal nuclei, on the other hand, appears to 
give parasympathetic (vagal) responses; and 
there is considerable evidence from anatomical 
as well as physiological studies [54] that the 
active principle of the neurohypophysis exerts 
a direct influence on the tuberal as well as on 
the supraoptic cell clusters. 

Though the course of the fibers from these 
hypothalamic nuclei backward toward the 
medulla and cord to emerge in the craniosacral 
autonomic periphery, on the one hand, and in 
the thoroco-lumbar sympathetic field, on the 
other, is still obscure, the matter has been 
attacked in various ways: (1) by tracing the 
early embryonic development of the finely 
myelinated fibers coming from these nuclei! 
which are among the first identifiable fibers 
to be laid down (Cajal, Koelliker and von 
Gehuchten); (2) by the study of fiber degen- 
erations after experimental lesions (Beattie, 
Brow and Long); and (3) by stimulatory ex- 
periments on serially decerebrated animals 
(Langworthy and Richter). Though much re- 
mains to be learned, the general course of the 
fibers is now sufficiently clear [cf. Spiegel, (37); 
and Beattie, (38)| to make it apparent that the 
experimental injuries of Schiff, Ebstein, Keller, 
and others have served to stimulate or injure 
the principal descending fiber tracts, but 
whether the secondary peptic lesions which 
are under discussion have been due to para- 
sympathetic (vagal) stimulation or to sym- 
pathetic paralysis must remain conjectural 
until more precise information is at hand. 


Ill. PHARMACOLOGICALLY GAINED 
INFORMATION 


a. Clinical interpretations. Through the ef- 
fect of drugs much of our knowledge of sym- 
pathetic and autonomic systems has been 
acquired. It began with Schmiedeberg’s ob- 


1One might well expect that anatomical evidences of the ‘‘oro-anal” 
autonomic (parasympathetic) apparatus would be the first to appear in 
view of the greater need in the newly born of a buccal and cloacal vege- 
tative mechanism for sucking, digestion, and evacuation, than for an 

paratus like the thoroco-lumbar sympathetic, useful in the emergency 
= scape or combat. 





servation, made in Ludwig’s laboratory in 
1871, that after the injection of nicotine stimu- 
lation of the vagus quickened rather than 
slowed the frog’s heart; and subsequently 
Langley and Dickenson demonstrated (1889- 
1890) that painting the paravertebral gan- 
glion with nicotine or a nicotine-like substance 
(pituri) served effectually to block sympa- 
thetic impulses passing from the cord. That 
nicotine has a powerful vagotonic effect can 
be appreciated by all of those who remember 
the consequences of their first cigar; and that 
on the part of habitués excessive smoking 
among other things is highly disturbing to 
digestive processes is well known to clinicians 
and fully recognized if not always admitted 
by the victims of ulcer themselves.” 

To Gaskell’s pathfinding studies (1886) we 
owe our present conception of the thoraco- 
lumbar sympathetic (the sympathico-adrenal 
system of Cannon), but it was left for Langley 
to prove the existence of a separate “cranial 
outflow” and a ‘“‘sacral outflow”’ (his ‘‘oro- 
anal”’ autonomic or parasympathetic system), 
the two systems being essentially different in 
their phylogenetic development and physio- 
logical activity [39]. But the conception that 
there exists in constant operation a physio- 
logical antagonism or balance between these 
two systems appears to have reached its de- 
velopment not in Cambridge but elsewhere. 
First clearly pointed out by Hans Meyer’s 
pupils, Froehlich and Loewi [40], and subse- 
quently elaborated by Hans Meyer himself 
[41], this concept became popularized by 
others who, first and last, have been attached 
to the Vienna school. 

So far as concerns the stomach, the action 
of adrenalin in checking motility and dimin- 
ishing secretion is equivalent to a stimulation 
of the sympathetic apparatus. On the other 
hand, the action of other drugs, notable among 
which are pilocarpine and physostigmine, is 
equivalent to stimulation of the cranial auto- 
nomic (parasympathetic) system of which the 
vagi are the more important branches, and 
the effects are counteracted by atropin. The 
several drugs which serve as vagal stimulants 
are somewhat selective in their action on the 


2Cf. Moynihan, B. Two lectures on gastric and duodenal ulcer, p. 43. 
Bristol: John W. right & Sons Ltd. 
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divisions of the parasympathetic apparatus, 
whereas adrenalin, as Cannon has emphasized, 
acts explosively on the entire thoracolumbar 
system at one and the same time. 

Since there is no known paralyzant for the 
sympathetic system (unless ergotoxine may be 
such) counteractive to adrenalin as atropin 
counteracts pilocarpine, in studying the effects 
of lowered sympathetic activity recourse must 
be had to the experimental extirpation of the 
prevertebral chain, splanchnic nerves, coeliac 
plexus, or of the adrenal glands themselves. 
Sympathetic paralysis thus produced is equiv- 
alent in its effects to autonomic (parasympa- 
thetic) stimulation due to a release phenome- 
non; and on the other hand, parasympathetic 
paralysis theoretically is equivalent to sym- 
pathetic stimulation though the effects may 
be not so evident. 

A clinical application of this concept of coun- 
terbalance between sympathetic and para- 
sympathetic systems, particularly in relation 
to the vegetative functions of the pneumo- 
gastric, was brilliantly presented [42] by 
Eppinger and Hess (1910), then colleagues of 
Hans Meyer in Vienna, in their monograph 
on ‘Vagotonia”—a treatise which gave a 
wholly new interpretation of certain kinds of 
“nervous invalidism.”” Vagotonic persons ac- 
cording to their thesis react with sweating and 
salivation to small doses of pilocarpine; they 
are apt to be asthenic, to have cardiac ar- 
rhythmias, and to show gastric hyperacidity, 
these symptoms being invariably aggravated 
by pilocarpine. What is more, the “nervous 
dyspepsia,” gastrosuccorrhcea, pylorospasm, 
cardiospasm and hunger pains to which vago- 
tonic persons are prone are beneficially af- 
fected by atropin. Though Eppinger and Hess 
briefly discuss the relation of vagotonia to 
gastric ulcer, they do not expressly state that 
vagotonia predisposes to ulcer, but on the 
contrary seem to imply merely that persons 
afflicted by ulcer in the absence of hyperacidity, 
hypermotility and so on merely happen to be 
exempt from constitutional vagotonicity. 

The old idea, nevertheless, that a disordered 
action of the vagus had something to do with 
ulcer formation had from time to time been 
revived, and with the increase of knowledge 
concerning the relation of the nerve to the 
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digestive functions, the belief was held by 
some that chronic ulcer was the expression of 
a neurotrophic disturbance—a sort of mal per- 
forans of the stomach. Thus in his discussion 
of Pavy’s theory, that ulcer was due to a 
chemical imbalance brought about by lowered 
alkalinity of the blood, Wilks had stated that 
a neurogenic influence could no more be over- 
looked than it could in an obviously neuro- 
trophic ulcer of the cornea; and similar ideas 
have been newly restated in view of the fre- 
quency with which ulcer has been observed 
in tabetics. 

But the general ideas formulated by Eppin- 
ger and Hess were first definitely focused on 
spasmodic peptic ulcer in 1913 [43] by Pro- 
fessor von Bergmann who emphasized: (1) 
that the parasympathetic nervous system is 
disordered in ulcer; (2) that patients with 
ulcer respond to pilocarpine more markedly 
than do normal persons; and (3) that the long 
continued use of atropin will cure or amelio- 
rate the familiar symptoms which accompany 
the disease. 

This ingenious explanation of ulcer has 
found favor not only with many clinicians but 
also with roentgenologists, notable among 
whom may be mentioned Martin Haudek, of 
Vienna [44]. In subsequent papers [45] on 
the subject, von Bergmann, while disclaiming 
that hypervagotonicity is the cause of all ul- 
cers, asserts that they are more common in 
persons with a neuropathic constitution who 
show irritability of the secretory and motor 
functions of the stomach—in other words, in 
persons with an overactive parasympathetic 
nervous system. Thus, through a dysharmony 
or imbalance of the two divisions of the vege- 
tative apparatus the local spasm leading to 
impaired vascularity of the mucosa that pre- 
cedes erosions and ulcers is prone to occur. 

This novel conception of ulcer pathogenesis, 
like all other explanations, has found its 
prompt opponents. Loeper and Marchal [46], 
for example, in discussing the matter (1926) 
express the belief that the irritative disturb- 
ances on the part of the cranial autonomic 
system are the consequence rather than the 
cause of chronic ulcer, which they ascribe to 
the outpouring of leucocytes (leucopédése) in 
the submucosa. Simnitzky [47] also (1926), 
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in calling attention to v. Bergmann’s admis- 
sion that stimulation of the vagus is more ac- 
tive in an acid milieu, and of the sympathetic 
more active in an alkaline milieu, agrees with 
Balint [48] (1926) in ascribing ulcer to pri- 
mary acidosis of the tissues rather than to 
dystonia of the vegetative nervous system, 
which is reminiscent of the early conception 
held by Pavy and others of ulcer pathogenesis. 

1. Substantiation by peripheral action of 
drugs. Meanwhile, von Bergmann’s assistant, 
Karl Westphal [49], undertook to see if ulcer 
might not be produced in the lower animals 
by drugs known to stimulate the parasympa- 
thetic system. For this purpose pilocarpine 
and physostigmine were selected and given 
subcutaneously to rabbits in toxic doses (cats, 
dogs, and guinea pigs were less susceptible), 
localized areas of ischemic cyanosis being 
produced leading to erosions from subsequent 
action of the gastric juice on these vulner- 
able points. The lesions occurred, however, 
only when the animal was actively digesting 
and when the contents of the stomach were 
acid." 

These observations on pharmacologically 
produced ulcerations, important and sugges- 
tive though they are, lie open to the same 
criticism that applies to other locally produced 
experimental ulcers in that they emphasize the 
effects of the drug on the neurosecretory end 
organs. That vagal stimulants like pilocarpine 
may appear to act with especial vigor on a 
parasympathetic center will now be consid- 
ered. 

2. Substantiation by central action of drugs. 
Following the discovery by Karplus and 
Kreidl of the Vienna School in 1909 [50] that 
electrical stimulation of the hypothalamus 
(doubtless the posterior hypothalamus) caused 
pupillary dilatation, sweating, and other phe- 
nomena indicating a cerebral diencephalic cen- 
ter for the sympathetic nervous system, in- 


+Another drug, histamine, which may be regarded as a parasym- 


pathetic stimulant in that it causes pronounced flushing with increase 
of gastric secretion, is more selective in character than pilocarpine; it 
supposedly acts (Dale ef al.) on the glands themselves rather than 
through their nerve supply, and fails to increase gastric motility. Never- 
theless Buechner, Siebert, and Malloy, of Aschoff’s Institute in Freiburg 
(Beitr. z. path. Anat., 1928, Ixxxi, 391-425) have produced gastric ulcers 
in starved rats by the injection of histamine. They interpret the obser- 
vations as favorable to a purely biochemical cause of ulcer—a ‘‘corre- 
lation disturbance’’ due wholly to increased gastric acidity. This is a 
form of hair splitting and the authors in their interesting paper (p. 394) 


correlation disturbance” 
in the vegetative nervous system. 


admit that the ‘ 
impulses 


may be brought about by 





creasing attention has been paid to the func- 
tions of the hitherto much neglected inter- 
brain. In 1925, the interesting observation 
was made by Cannon and Britton [51] that 
cerebral decortication in the cat led to an 
emotional state which they designated ‘‘sham 
rage’’ from its close resemblance to the be- 
havior of the infuriated normal animal. A 
prominent feature of these emotional explo- 
sions was a mass discharge of the sympathetic 
nervous system with liberation of adrenalin. 
Bard |52] subsequently made it clear (1928) 
that this affective state in decorticated ani- 
mals depended upon an intact posterior inter- 
brain; and Fulton and Ingraham in turn 
(1929) showed [53] that a chronic state sug- 
gesting ‘‘sham rage’? was present in cats 
whose corticofrontal pathways to the inter- 
brain had been surgically divided. Whereas 
Gaskell had looked upon the thoracolumbar 
sympathetic as largely a spinal involuntary 
mechanism, and Langley had carried the cere- 
bral stations of the cranial autonomic appa- 
ratus no further headward than the midbrain, 
these later-day disclosures, indicating that 
cortically uninhibited affective states emanat- 
ing from the diencephalon can discharge the 
sympathico-adrenal apparatus, shed an en- 
tirely new light on the subject. 

At another time and place [54], certain ob- 
servations were reported on the effects of in- 
jecting posterior pituitary extract (pituitrin) 
and pilocarpine into the cerebral ventricles. 
When either the extract or the drug is thus 
introduced in susceptible (vagotonic?) sub- 
jects, it leads to stimulatory effects among 
which sweating, flushing, lachrymation and 
excessive, sometimes blood-tinged vomiting 
were notable features. These effects were in- 
terpreted as being essentially parasympathetic 
in nature and it was assumed, therefore, that 
the parasympathetic as well as the sympa- 
thetic nervous system most probably had a 
primary nuclear representation in the inter- 
brain. 

Whereas pilocarpine supposedly acts exclu- 
sively on the nerve terminals, the human tests 
indicated a far more vigorous, central, and 
presumably diencephalic action. It accord- 
ingly was suggested to my co-worker, Dr. 
Richard Light, that he try to determine on 











t 
3 








rabbits whether pilocarpine, introduced intra- 
ventricularly, would produce Westphalian ero- 
sions in smaller amounts than when given 
subcutaneously. In collaboration with C. C. 
Bishop and L. G. Kendall, this matter was 
put to the test [55], and it was found that 
even small doses of from 3 to 6 milligrams 
injected into the rabbits’ ventricles produced 
erosions and that injections of ro milligrams 
would cause them in 94 per cent of the ani- 
mals, whereas 75 milligrams or more were 
needed to produce corresponding lesions with 
equal frequency when the drug was given 
subcutaneously. 

The importance of these observations, in 
my estimation, lies not so much in the fact 
that a small dose (2 milligrams) of pilocarpine 
injected into the human ventricles has a 
prompt and widespread parasympathetic ef- 
fect, as in the disclosure that pituitrin, when 
similarly administered, has a corresponding 
effect. What is more, the response to intra- 
ventricular pituitrin, surprisingly enough, i 
entirely different from the response which fol- 
lows its intravenous or intramuscular injec- 
tion. When introduced into the ventricles of 
susceptible persons, it causes flushing, sweat- 
ing, salivation, and prolonged vomiting which, 
like the effect of intraventricular pilocarpine, 
can be checked by atropin or prevented either 
by preliminary atropin or by the narcotic 
drugs (e.g. tribromethanol and the barbitu- 
rates) which are known to inhibit the hypo- 
thalamic centers. When, on the other hand, 
pituitrin is injected subcutaneously, it causes 
pallor without sweating and promptly checks 
gastric peristalsis and secretion, its action in 
other words being entirely comparable to the 
effect of adrenalin.’ 

The following roentgenological observations 
of gastric motility made in collaboration with 
my colleagues, Dr. M. C. Sosman, and his 
assistant, Dr. H. F. Hare, have thrown further 
light on the subject. After a barium meal, 
the gastric waves as they progress from cardia 
to pylorus have first been timed, and toxic 

'So far as I am aware, there is no other instance of a drug or extract 
which has contrary effects when administered in different regions of the 
body; but next to nothing is known of the effects of drugs directly 
applied to the diencephalic nerve centers. In view of the sensitivity of 
the vagus nuclei in the fourth ventricle to exceedingly dilute solutions 
of emetin or apomorphin, it is reasonable to assume that painting the 


walls of the tuber cinereum with one of these drugs will produce the 
same or an even more vigorous effect on the stomach. 
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drugs or extracts have been then administered 
with results, briefly stated, as follows: 


A. Intramuscular injection. 

1. Adrenalin (1 c.cm. of a 1:1000 solution) causes 
an almost immediate cessation of all visible move- 
ment for 20 minutes or longer. 

2. Pituitrin (1 c.cm. “‘surgical’’) has precisely the 
same effect on the stomach as adrenalin, with cuta- 
neous pallor. 

3. Pilocarpine (12 mgm.) also causes a definite 
diminution of motility associated with moderate 
sweating. 

4. Histamine (1 mgm.) causes a cutaneous flush 
without sweating and no visible change in gastric 
motility. 

B. Intraventricular injections. 

1. Adrenalin (not tried). 

2. Pituitrin (1 c.cm. “‘surgical’’) promptly accel- 
erates motility and soon causes retrograde peristalsis 
with retching and vomiting which can be checked 
by atropin. Other effects are sweating and flushing. 

3. Pilocarpine (2 mgm.) causes prompt activation 
of motility, spasm of pylorus, retrograde peristalsis, 
prolonged retching, and vomiting. These effects 
which are associated with a drenching sweat, a cu- 
taneous flush and fall in temperature can be checked 
by atropin. Vomitus shows increased gastric acidity 
and positive guiac test for blood. 

4. Histamine (2 mgm.: two observations). No 
visible effect on peristalsis. Sense of fullness in head, 
dry mouth, no flush, no vomiting. 


The assumption that these striking conse- 
quences of intraventricular pilocarpine and 
pituitrin were produced by local stimulation 
of a center for parasympathetic discharges, 
has received support from recent observations 
by Beattie (1932). He has shown [56] on ani- 
mals that direct electrical stimulation of the 
region of the tuberal centers in the infundib- 
ulum causes not only increased gastric peri- 
stalsis and secretion, but, if long continued, 
leads to small hemorrhagic ulcers of the mu- 
cous membrane near the lesser curvature. 
After section of the vagi these gastric effects 
were not obtained. 

Thus, the reaction of the stomach to the 
intraventricular injection of either pilocarpine 
or pituitrin in man and to direct stimulation 
of the tuber in animals is hypermotility, hy- 
pertonicity, and hyperchlorhydria, these three 
factors being those that commonly persist in 
cases of chronic gastric ulcer. 

Eppinger and Hess, taking their cue from 
Langley, did not venture in 1910 to place the 
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autonomic control of the vagus higher than 
the midbrain and felt obliged to postulate the 
existence of a substance or hormone termed 
“‘autonomin”’ whose continuous activity pre- 
serves the normal tonus in the smooth mus- 
cles of the vegetative organs—a substance 
bearing the same relation to the autonomic 
(parasympathetic) system that adrenalin 
bears to the thoracolumbar sympathetic. 
That the secretory hormone of the neuro- 
hypophysis (pituitrin), in view of the obser- 
vations mentioned above, may represent their 
hypothetical autonomin is not improbable, 
and the idea at least provides a working basis 
for further study. 


IV. SUMMARY AND CONCLUSIONS 


The attempt to find a reasonable explana- 
tion for the acute perforative lesions affecting 
cesophagus, stomach, and duodenum, which 
in three instances caused early fatality after 
operations for cerebellar tumor, has led, not 
only to a review of the extensive literature on 
the neurogenic aspects of ulcer pathogenesis, 
but also to certain experimental observations 
that strongly suggest the presence in the dien- 
cephalon of a parasympathetic center. From 
this center, apparently tuberal in situation, 
fiber tracts pass backward to relay with the 
cranial-autonomic stations of midbrain and 
medulla of which the vagal nucleus is by far 
the most important because of its influence 
upon the activity of the lungs, heart, and 
upper alimentary canal. 

Experimental lesions anywhere in the intra- 
cranial course of these fiber tracts from ante- 
rior hypothalamus to vagal center, presumably 
from parasympathetic stimulation (or possibly 
from vagal release due to sympathetic paraly- 
sis) are prone to cause gastric erosions, per- 
forations or ulcers (Schiff; Ebstein; and 
others). Intracranial injuries and diseases af- 
fecting these same basilar regions of the brain 
are known to be accompanied by ulcerative 
lesions of the upper alimentary canal. It is 
reasonable to believe, therefore, that the per- 
forations following the cerebellar operations 
forming the basis of this study were produced 
in like fashion by an irritative disturbance 
either of fiber tracts or vagal centers in the 
brain stem. 


Stimulation of the postulated parasympa- 
thetic center by intraventricular injections of 
pilocarpine or pituitrin cause, in man, an in- 
crease in gastric motility, hypertonus, and 
hypersecretion leading to retching and vomit- 
ing which ultimately contains occult blood. 
The same effects, associated with observable 
patches of hyperemia of the gastric mucous 
membrane have been shown (Beattie) to fol- 
low direct electrical excitation of the tuber 
cinereum in animals. 

The active principle of the neurohypophysis 
(pituitrin) demonstrable in the tissues in the 
form of hyaline bodies, is known to find its 
way through the infundibular stalk to the re- 
gion of the nuclear cell masses of the tuber 
either by direct migration (Edinger; Collin) 
or by the intermediation of blood sinuses 
(Popa and Fielding); and the secretory prod- 
uct may possibly pass between the ependymal 
cells to enter the cavity of the third ventricle 
(Herring; Cushing and Goetsch; Karplus and 
Pecznik). What is more, the secretion ap- 
pears to be under the control of autonomic 
fibers that pass from the supra-optic nu- 
celus into the posterior lobe. Hence, there 
is an anatomical basis for the presumption 
that posterior lobe extract (pituitrin) should 
have a stimulatory influence on the local 
vegetative nerve centers. That intraven- 
tricular pituitrin would cause a parasym- 
pathetic discharge with vagotonic effects, 
whereas given subcutaneously its action re- 
sembles that of adrenalin, could not have 
been foretold. 

The interbrain has been shown (Cannon; 
Bard) to be the seat of primitive emotions 
which are normally under cortical control; but 
in experimentally decorticated animals, prob- 
ably from release of the sympathetic nucleus 
in the posterior hypothalamus, there occur 
explosions of “‘sham rage” accompanied by 
a mass-discharge of the sympathico-adrenal 
system. 

The parasympathetic apparatus, in all prob- 
ability, under normal conditions is likewise 
strongly affected by cortical or psychic (Pav- 
lov) influences. However this may be, direct 
stimulation of the tuber or of its descending 
fiber tracts, or what theoretically amounts to 
the same thing, a functional release of the 
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vagus from paralysis of the antagonistic sym 
pathetic fibers, leads to hypersecretion, hyper- 
chlorhydria, hypermotility and hypertonicity 
especially marked in the pyloric segment. By 
the spasmodic contractions of the muscula- 
ture, possibly supplemented by accompanying 
local spasms of the terminal blood vessels, 
small areas of ischemia or hemorrhagic in- 
farction are produced, leaving the overlying 
mucosa exposed to the digestive effects of its 
own hyperacid juices. 

Thus it is possible to reconcile the neuro- 
genic theory of ulcerations sponsored by 
Rokitansky and Virchow’s variously modified 
theory of a primary local cause, whether the 
lesions are considered in terms of simple ero- 
sions, of acute perforations, of autodigestive 
softening, or of chronic ulcers, and whether 
they chiefly involve cesophagus, stomach, or 
duodenum. 

Those favorably disposed toward the neuro- 
genic conception of ulcer have in process of 
time gradually shifted the burden of respon- 
sibility from the peripheral vagus to its center 
in the medulla, to the midbrain, and now to 
the interbrain, newly recognized as a highly 
important, long overlooked station for vege- 
tative impulses easily affected by psychic in- 
fluences. So it may easily be that highly- 
strung persons, who incline to the form of 
nervous instability classified as parasympa- 
thetic (vagotonic), through emotion or re- 
pressed emotion, incidental to continued worry 
and anxiety and heavy responsibility, com- 
bined with other factors such as irregular 
meals and excessive use of tobacco, are par- 
ticularly prone to have chronic digestive dis- 
turbances with hyperacidity often leading to 
ulcer—effects wholly comparable to those 
acutely produced by irritative lesions experi- 
mentally made anywhere in the course of the 
parasympathetic system from tuberal center 
to its vagal terminals. 

While this conception of the etiology of 
ulcer does not account for all ulcerative proc- 
esses under all conditions, it offers a rea- 
sonable explanation of the majority of them 
and is in accord with the personal expe- 
rience of most victims of chronic recurring 
ulcer. This, briefly, is as near as one can 
come, with the data at hand, to an inter- 
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pretation of the neurogenic origin of peptic 
ulcer and an explanation of its existing prev 
alence. 
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GOITER 


C. ALEXANDER HELLWIG, M.D., Wicuita, KANsAs 


From the Department of Pathology, St. Francis Hospital, Wichita, Kansas 


© modern American treatise on thy- 

roid diseases refers to the variations 

in form and function of goiter, accord- 

ing to the part of the country in which it 

occurs. From this fact inferences could be 

drawn that the morphology and physiology of 

the North American goiter is rather uniform, 

although our knowledge about this important 
subject is very rudimentary. 

Systematic comparative studies in Europe 
have shown that in the different localities of 
the continent the type of goiter varies widely. 
In 1921, Klose first aroused interest in the 
geographic pathology of goiter by calling at- 
tention to the peculiarities of the goiter as 
seen in the midwestern part of Germany. 
While the Swiss goiter is characterized by large 
nodes with considerable degeneration and 
with compression of the surrounding thyroid 
tissue proper, causing more or less severe 
symptoms of hypothyroidism or even cretin 
ism, the nodular goiter of the Main valley was 
described by Klose as consisting of numerous, 
small, colloid nodules and as being accom- 
panied often by toxic symptoms. In the fol- 
lowing year, Aschoff, in whose institute 
Kloeppel had carried out a comparative study 
of thyroid glands in the Northern and South- 
ern part of Germany as early as 1909, invited 
pathologists and clinicians to join in a syste- 
matic comparison of normal and goitrous 
thyroid glands from the different geographical 
areas. For this purpose the adoption of a uni- 
form nomenclature seemed indispensable and 
Aschoff recommended a concise, but complete 
classification. Due to the fact that the leading 
goiter students of Europe accepted his classi- 
fication, it was possible to reveal wide varia- 
tions in form and function of goiters not only 
in the different regions of Germany, but also 
in Switzerland, Holland, Scandinavia, and 
even Russia. 

Since Aschoff’s classification agrees on the 
whole with that which has been worked out by 
American authors, it would be an easy matter 
to accept it also in this country. It is ad- 


mitted by many writers that there is, in the 
recent goiter literature, a bewildering confu 

sion which hinges largely on words rather than 
on essential facts, but their attempt to remedy 
it seems to be directed only to the introduction 
of new terms, thereby increasing the confu 

sion. The general acceptance of an interna- 
tional classification would eliminate confusion, 
allow a comparison of the various structures of 
goiter in the different areas of this country, 
and also facilitate the correlation of the North 
American goiter with that of other continents. 
The goiter problem is world wide, but not the 
same in the different regions, and there cannot 
be any doubt that the comparative study of 
the morphology and physiology of goiter not 
only will be of academic interest, but will open 
new fields for the practical questions of pro 

phylaxis and treatment. 


THE DIFFUSE AND NODULAR FORMS OF 
GOITER 

In Table I, the most common classifications 
of goiter are brought in correlation with each 
other. It is evident that Aschoff’s nomencla 
ture covers all the different structures found 
in this country, besides those usually seen only 
in regions of highest endemicity. Aschotf 
demands first of all a clear distinction between 
diffuse and nodular forms of goiter, rejecting 
the assumption of older writers that the 
nodular goiter represents a kind of hyperplasia. 
In his opinion, in nodose goiter one is dealing 
with a true tumor formation, namely adeno- 
mata. According to Aschoff, the nodules of 
the thyroid gland do not develop from fetal 
rests, as Woelfler believed, but originate from 
ordinary thyroid tissue. He admits that the 
colloid nodule may start out as a localized 
hyperplastic process and that there is found 
sometimes a transitional stage between diffuse 
and nodular goiter, the so called nodular 
hyperplasia (Fig. 11), but as these nodules 
increase in size, they assume properties which 
are typical for new-growths. First they dis- 
place more and more the tissue of the sur- 
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Fig. 1. Congenital diffuse goiter. (South German type.) 


rounding thyroid tissue proper and eventually 
produce an atrophy by pressure of the neigh- 
boring lobules (Fig. 14). By this process they 
form a more or less distinct capsule which 
delimits them clearly from the normal thyroid 
pattern. Furthermore, there is in the nodules 
from the beginning a complete absence of 
division in lobules which interferes with nutri- 
tion and resorption of the secretion. The lack 
of a regular drainage system and blood supply 
accounts for the degenerative processes so 
commonly found in nodules after they have 
reached a certain size, and which were errone- 
ously described by the old writers as special 


Fig. 3. Diffuse parenchymatous (microfollicular) goiter. 
South Germany, 19 year old girl. 
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Fig. 2. Diffuse parenchymatous (microfollicular) goiter. 
South Germany, to year old boy. 


varieties: fibrous, hemorrhagic, cystic, calci- 
fied, osseous goiter. It is obvious that the de- 
generation of the nodules will interfere with 
the activity of the thyroid gland and from the 
physiological point of view a clear distinction 
between diffuse and nodular goiter types 
appears all the more important. 

For the evaluation of the severity of a given 
goiter endemic, the ratio of diffuse to nodular 
goiters gives valuable information. It is 
generally accepted that in a highly goitrous 
population the nodose goiters outnumber by 
far the diffuse forms. In de Quervain’s clinic, 
for instance, which draws its material from the 
center of the Swiss goiter belt, Woelz found 93 
per cent nodular goiters, but only 7 per cent 
diffuse enlargements of the thyroid. In Dues- 
seldorf, which is located in the lower Rhine 
valley, the frequency of diffuse goiters in- 
creases to 32 per cent and on the German sea 
shore, in Rostock, Hueck found an incidence 
of 68 per cent diffuse and 32 per cent nodular 
forms. In Holland there is about an equal 
distribution of the two different forms, the 
ratio of diffuse to nodular goiter being 47 to 53 
(Josselin de Jong). 

Not enough statistics are available in this 
country, to compare the European figures 
with the conditions in North America. In 
Kansas, however, which forms the geographic 
center of the United States, I found among the 
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TABLE I—MOST COMMON CLASSIFICATION 


Hellwig Aschoff 

(1920) (1924) 
ri Hyperplasia| A . Diffuse 
of the thyroid goiter 


Struma congen- Congenital sim-| re ongenital dif- 


ita parenchy-| | 

matosa | 

"Struma hyper-| 
plastica folli-| 
cularis | 


Struma difusa | 
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ple hyperpla-| fuse goiter 
sia 


Microfollicular| Diffuse paren-| 
Hyperplasia chymatous 
| (microfollicu- 
lar) goiter 
M: acrofollic ular Diffuse colloid 
Hyperplasia (macrofolli- 
cular) goiter 
a. Lae prolifer-| 


Wegelin | McCarrison 
(1926) | (1927) 
A, Di fuse | 
hy ber plasia | 


Struma congen-| 
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| Congenital 
goiter 

> } 

Strums diffusal Parenc hy ma 
parenchyma-| tous goiter 

tosa (micro- | 

follicularis) 


Strums 1 diffusa | | Diffuse sub. 
mac rofolli- loid goiter 
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Simple congen 
ital goiter 


Hyperplasia 
and hypertro 
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Involution 
(colloid goi 
ter) 
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Rienhoff 


(1929) (1929) 


Hertzler 


Simple colloid 
goiter 


Uniform stage 
of colloid 
goiter 





MacCarty 
(1931) 


1. Thyroid 
sha ped 


Hypertrophic 
colloid goi 
ter 


Struma diffusa 


fic ‘proliferant 
E :xophth: slmic | E: xophthalmic | Struma diffusa | | Hyper 
goiter | goiter basedowiana | 


b. prolife rant | 


parenchyma- 
tosa papillaris| | 
| 
B. Struma dif- 
fusa et nodosa’ 


B.N odular 
hyperpla sia 


| B. Nodular 
_ hyperplasia 
C. Adenomata 
of the thyroid 


C. Strume no-  Adenomate of |  Medalin 40 goi- 
dosa | thyroid gland | ter 





Struma nodosa Mic rofollic ul: ar Nodular paren-| Parenc hy ma- 
parenchyma- | Adenoma chymatous tous adeno- 
tosa | | (microfolli- mata (trabec-| 

| cular) goiter | ular,tubular, 
| | mic rofoll ) 





( ‘olloid 


Struma nodosa | Macrofollicular Nodular me 


colloides Adenoma loid (macro- adenomata adenc 
follicular) | a. simple mac- | 
goiter | rofollicular 
a. non-pro- | 
liferant | b. papillary 
b. proliferant macrofolli- 
cular 
Struma nodosa | Adenoma Nodular goiter Adenoma 
basedowifi- basedowifi- with exten- basedowifi- 
cata ;} catum sive epithe- catum 


lial prolifera- 
tion | 


goiters of the Hertzler clinic 53 per cent diffuse 
and 47 per cent nodular forms. Harms states 
that of the surgical goiter material in Madison 
(Wisconsin), 57 per cent are of the diffuse and 
43 of the nodular type. Wisconsin and Kansas 
have, therefore, an almost identical distribu- 
tion of the two forms of goiter and, as we will 
see later, the microscopic structure and the 
physiology of goiter also conform very well in 
these two geographic areas which are about 
600 miles apart. 

A somewhat higher percentage of nodular 
goiter is observed in the surgical material of 
the Mayo Clinic. Boothby states that in 1924 
there were 59 per cent nodular goiters an«| 
MacCarty (1931) found nodose forms in 67 
per cent of 32,000 goiters. These figures 
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correspond to the low percentage of diffuse 
goiter in Ann Arbor (Michigan) where Coller 
encountered only 29.2 per cent diffuse goiters 
as compared with 70.8 per cent of the nodular 
form. The incidence of nodular goiter in 
Michigan is therefore almost as high as at the 
periphery of the severe Swiss endemic; in 
Aschofi’s institute at Freiburg, near the Swiss 
border, I found 23 per cent diffuse and 77 per 
cent nodular goiters. Nowhere however, in 
North America, does there seem to exist as 
low a percentage of diffuse goiter as in the 
mountainous regions of Switzerland (7 per 
cent), and already from this criterion alone it 
is obvious that the North American goiter 
represents an entirely different type of thyroid 
enlargement, from that seen in Switzerland, 








Fig. 4. Diffuse colloid (macrofollicular) goiter. 


in the Himalaya mountains, and in other 
severe endemic areas. 


THE PARENCHYMATOUS = (MICROFOLLICULAR) 
AND COLLOID (MACROFOLLICULAR) TYPES 
OF GOITER 

Aschoff divides the diffuse and nodular 
goiters into the parenchymatous or microfolli- 
cular and the colloid or macrofollicular types. 
The first is characterized by a very small size 
of the acini, which are lined with cuboid 
epithelium and their lumina are filled with 
only scanty amounts of colloid or appear en- 
tirely empty. The macrofollicular or colloid 
goiter type, on the other hand, has large, often 
irregular acini and the colloid is abundant. 
In mountainous regions with a high incidence 
of goiter, the diffuse microfollicular parenchy- 
matous goiters (Figs. 1 and 2) are very common 
in children and at puberty; they are therefore 
termed “adolescent goiters” by Gold and 
Orator. In level regions, however, they are so 
rare, that most of the American classifications 
do not even list them. I have never encoun 
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tered them in my surgical or autopsy material 
drawn from Kansas, and also Jaffé who 
examined the thyroid glands of 1,000 autopsy 
cases at Cook County Hospital, does not 
mention this type. In areas of high endemic- 
ity also, the diffuse parenchymatous goiter 
(Fig. 3) is rarely seen after the second decade 
of life and is replaced by the nodular, micro- 
follicular parenchymatous goiter, the so called 
fetal adenoma (Figs. 17 and 18), which type is 
really the prototype of mountainous goiter in 
Switzerland, in the Himalayas, and Pyrenees. 
In 76 per cent of the surgical material at Bern 
(Switzerland) parenchymatous nodular goiter 
was found by Woelz; and Wydler states that 
94 of his 104 cretin goiters showed this type of 
structure. The reverse incidence is seen in 
level regions with only slight frequency of 
goiter. In the lower Rhine valley, Orator 
found only 11.3 per cent of the resected goiters 
belonging to the microfollicular type, and 
among the surgical material at Wichita (Kan- 
sas), 13.9 per cent of the goiters are parenchy- 
matous. This is still higher than in other 
areas of the United States. In Wisconsin only 
8.3 per cent of the removed goiters were of 
microfollicular structure and in Ann Arbor 
still fewer, namely 6.8 per cent (Coller). The 
parenchymatous, nodular goiter is so rare in 
North America that Hertzler wants to sepa- 
rate it from the common goiter and proposes 





Vig. 5. Non-proliferant diffuse colloid (macrofollicular) 
goiter, 
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for it the term “mixed tumor.” He regards it 
as ‘true neoplasm and not as goiter.” This 
standpoint is limited to the goiter forms as 
seen usually in level countries and is not 
justified from a world wide point of view of 
geographic pathology, because the so called 
fetal adenoma constitutes actually the most 
frequent type of endemic goiter seen in regions 
with high endemicity. 

The diffuse and nodular colloid goiter is 
subdivided by Aschoff into two forms: the 
non-proliferant (Fig. 5) and the proliferant 
(Fig. 7). These are not separate entities, but 
the transitional stages which one observes 
between them, suggest that both are only dif- 
ferent grades of the same functional stage of 
the thyroid. Also in the non-proliferative 
form of colloid goiter there are here and there 
buds of epithelial proliferation in the individu- 
al follicles with cubical or almost columnar 
epithelium and new formation of small 
daughter acini (Fig. 6). In the proliferant 
form of colloid goiter these cushion-like pro- 
liferations are only more extensive and much 
more frequent. On account of this epithelial 
activity, we regard the colloid goiter not as a 
result of involution and retention of the 
thyroid secretion, as many still believe, but as 
a hyperplastic and hypersecretory process. 
Also the nodular colloid goiter in its earliest 


lig. 6. Non-proliferant diffuse colloid (macrofollicular) 
goiter. Cushion-like proliferation in acinar wall indicates 
that the colloid goiter is not the result of retention of 
colloid only. 
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Fig. 7. Proliferant, diffuse colloid (macrofollicular) goi 
ter. Marked epithelial proliferation of the acinar wall. 


stages very often shows epithelial prolifera- 
tion, a fact which is not in favor of Rienhoff’s 
assumption that the colloid nodules are merely 
involutionary bodies of a hyperplastic thyroid 
gland. Figure 15 shows the epithelial wall of 
the large acini in the colloid nodule in a state 
of proliferation, the cells being much higher 
than those of the acini of the surrounding 
thyroid tissue proper. 

In level countries, the physiological en- 
largement of the thyroid gland during puberty 
and pregnancy—periods of physiologic hyper- 
thyroidism—is anatomically a diffuse macro- 
follicular colloid type of hyperplasia. After 
the twenty-fifth year, the diffuse colloid goiter, 
especially the proliferating form, is very often 
(in 70 per cent of my own cases) accompanied 
by symptoms of hyperthyroidism. There is 
furthermore a close, histological relationship 
noticeable between the proliferant diffuse col 
loid goiter and the exophthalmic goiter (Figs. 
g and 10). From the diffuse colloid goiter, 
transition stages with higher and higher pro- 
liferation of the acinar wall lead finally to the 
classical microscopic picture of exophthalmic 
goiter. Marine and Lenhart attempted to 
differentiate primary and secondary exoph- 
thalmic goiter, the former originating in a 
normal, the latter in a goitrous gland. The 
expediency of this division seems questionable. 
rom my own studies, not only of North 
American goiters but also of many glands 
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Vig. 8. Exophthalmic goiter. Dense, gray areas of epi- 
thelial hyperplasia in diffuse colloid goiter. 


from European patients, I am forced to the 
belief that exophthalmic goiter develops usu- 
ally in a diffuse colloid goiter. Many of the 
exophthalmic goiters I examined, presented 
on the cut surface, either throughout or in 
patches, an amber red and translucent appear- 
ance suggesting a colloid rich tissue (Fig. 8). 
In nearly 85 per cent of the glands from 
patients with Graves’ disease, groups of 
iumina could be distinguished with the un- 
aided eye. ‘These lumina represented large 
colloid containing follicles such as one never 
sees in the normal gland, but which are char- 


acteristic in the diffuse colloid goiter. Histo- 
logically in almost every instance areas with 
large colloid filled acini were present, either 
with or without proliferation of the acinar 
wall. That these changes are not due to an 
involution caused by Plummer’s treatment is 
indicated by the fact that I saw them also in 
European material and in exophthalmic goi- 
ters obtained from Dr. Hertzler’s clinic which 
were resected prior to the era of pre-operative 
lugolization. 

Clinical and histological studies indicate, 
therefore, that diffuse colloid goiter—espe- 
cially the proliferating form—and exophthal- 
mic goiter are two nearly related stages of 
thyroid activity and that one of them can 
easily change into the other. Also epidemio- 
logic statistics are in favor of this opinion, 
since diffuse colloid goiter is commonly asso- 
ciated in the same locality with Graves’ 
disease, while there is little statistical evidence 
in regard to the association of thyreotoxicosis 
with diffuse or nodular microfollicular paren- 
chymatous goiter. 

The nodular colloid goiter also is often the 
cause of toxic symptoms, especially if the 
nodules are very small, without distinct 
fibrous capsule and without higher grades of 
degeneration, such as seems to be the rule with 
the North American type. While it is usually 
not difficult in a given case of diffuse goiter to 





Fig. 9. Exophthalmic goiter. Aciniappear empty. Speci- 
men obtained before era of Plummer’s pre-operative treat- 
ment with Lugol’s solution. 


tion of Lugol’s solution. 
colloid. The hyperplasia is still marked. 


Fig. 10. Exophthalmic goiter, resected after administra- 
The acini are filled with dense 
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Fig. 11. Nodular hyperplasia. Transitional stage be 
tween diffuse and nodular goiter. 


correlate the microscopic picture with the 
clinical symptoms, we must use great care in 
drawing conclusions concerning the function of 
a nodular gland. It seems almost impossible in 
a specimen with many—sometimes more than 
a hundred nodules of different structure—to get 
a correct impression of the histological charac- 
ter of the whole gland by examining sections 
from only a few different areas. But there is 
general agreement that the nodular colloid 
goiter of the level countries also is often 
accompanied by hyperthyroidism. Among the 
goiter patients of the Hertzler clinic, 60 per 
cent of those with non-proliferant, and 85 with 
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Fig. 13. Non-proliferant, nodular colloid (macrofollicu 
lar) goiter. The epithelium in the nodule is higher than in 
the thyroid tissue proper. The latter is compressed. 





Fig. 12. Nodular colloid (macrofollicular) goiter. Small 
size of nodules, very thin capsule, absence of higher grade 
of degeneration are characteristic of the North American 
goiter. 


proliferant nodular colloid goiter showed deti- 
nite toxic symptoms. Table III illustrates 
the high incidence of diffuse and nodular 
colloid goiters as compared with the micro- 
follicular structures in level countries, and in 
Table IV the frequency of thyreotoxicosis is 
listed according to the different localities. 
We learn from these tables that in moun- 
tainous regions the nearer one approaches the 
center of the goiter endemic, the less he meets 
the colloid goiter. We find there as a proto 
type of goiter during childhood the diffuse 
parenchymatous (microfollicular) goiter, while 
in adults the parenchymatous nodules prevail. 
Thyreotoxic goiter is an exception in these 
regions, and we understand that Wegelin, who 





Fig. 14. Capsule formation between two colloid nodules. 
This formation consists of compressed thyroid tissue 
proper. 








Fig. 15. Proliferant, nodular colloid (macrofollicular) 
goiter. Marked epithelial proliferation in the nodule. No 


evidence of “involution” (Rienhoff). 

lives in the center of the Swiss goiter endemic, 
regards exophthalmic goiter as a special entity 
of thyroid disease which has no relation to the 
common endemic goiter. This view, however, 
will not hold, if one considers the peculiarities 
of the gciter typical for level countries. Here, 
as in North America, exophthalmic goiter and 
toxic nodular goiter are very common and 
they develop apparently on the basis of the 
most frequent type in these level regions, the 
macrofollicular colloid goiter. The underlying 





Fig. 17. 


goiter. “Fetal adenoma” of the older writers. 


countries. 
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Nodular parenchymatous (microfollicular) 
It is very 
common in regions with high endemicity, very rare in level 
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Fig. 16. Nodular colloid goiter with marked epithelial 
proliferation. ‘‘Adenoma basedowificatum”’ of the Euro 


pean literature. 


cause of Graves’ disease and toxic goiter is not 
a constitutional thymico-lymphatic anomaly, 
as Warthin and Simpson hypothecate, but the 
diffuse, nodular colloid goiter itself is the essen- 
tial organic factor predisposing to thyreotoxi- 
cosis. 
COMMENT 

A systematic comparative study of the 

North American goiter has not yet been under- 





Fig. 18. Nodular parenchymatous (microfollicular) goi 
ter. The acini in this type are almost solid, sometimes 
tubular. Hyaline degeneration of the center. 
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TABLE II.—INCIDENCE OF DIFFUSE AND 
NODULAR GOITER 


j ; 
sities | Diffuse Nodular 
Locality Author Goiter Galtes 
Bern (Switzerland) | Woelz } 7 03 
Duesseldorf (Lower Rhine} 
Valley) Orator | 35 6s 
Rostock (North German | 
Sea Shore) Hueck | 68 3 
Utrecht (Holland) | de Jong | 17 53 
Halstead (Kansas) | Hellwig | 53 47 
Madison (Wisconsin) | Harms 57 13 
Rochester (Minnesota) | Boothby | 41 50 
| MacCarty 32.2 67.8 
Ann Arbor (Michigan) | Coller | 29.2 70.8 


taken and the statistical data which are avail- 
able on the variations of form and function of 
goiter according to different geographic areas 
are very meager. From the few facts which 
are known, it would appear that the North 
American goiter does not vary in different 
regions as widely as does the European. There 
are three outstanding characteristics which 
distinguish the North American goiter from 
the types seen in mountainous regions with 
high endemicity: (1) A relative frequency of 
diffuse enlargement of the thyroid gland; (2) 
the absence of congenital microfollicular goiter 
and the scarcity of microfollicular nodules, the 
so called fetal adenomas; (3) the high inci- 
dence of macrofollicular colloid goiters. The 
last characteristic is, I believe, closely related 
to a very marked frequency of Graves’ disease 
and nodular toxic goiter in this country. 

In this paper, only data from surgical 
material were used and they cannot be re 
garded as conclusive before they are completed 
by autopsy findings, since only anatomical 
studies in the postmortem room will embrace 
all age groups and thereby variable factors, 
pertinent to surgical material, will be excluded 
(Jafié, Orator). 

A thorough knowledge of the variations in 
structure and function of goiter according to 
the locality will necessarily influence also our 
conception of the etiology of this world wide 
disease and will be of benefit in solving practi- 
cal problems, prophylaxis, and treatment. 

The present tendency of goiter students to 
use their own nomenclature and to introduce 





HELLWIG: GEOGRAPHIC PATHOLOGY OF GOITER 43 


TABLE III.——-RELATIVE FREQUENCY OF COLLOID, 
EXOPHTHALMIC AND PARENCHYMATOUS GOI- 
TER 

| 
tee” (| RR nay Beret 
Bern Woelz | 26.3 3 | 70.7 
Wydler | 3.5 OL. 5 

Duesseldorf 73.6 15.1 IL .3 

Halstead (Kansas) 68.4 10.7 13.9 

Madison (Wisconsin) 76 14.7 8.3 

Ann Arbor (Michigan) 78.6 rT 6.8 

TABLE IV.-—INCIDENCE OF GOITER WITH 


THYREOTONICOSIS IN DIFFERENT REGIONS 


Frequency of 


Locality Author Thyreotoxicosis 
Per cent 
Bern (Switzerland) Woelz 
Duesseldorf Orator 14 
Danzig (Baltic Sea shore) Liek 50 
Stoc kholm (Sweden) Troell 57.3 
Halstead (Kansas) Hellwig 65.6 
Madison (Wisconsin) Harms 71.3 
Dayton (Ohio) Simpson 56.1 
Ann Arbor (Michigan) Warthin 12.1 
Rochester (Minnesota) Plummer (1913 68 
Boothby (1924) 51.3 
Portland (Oregon) Menne 67.5 


new terms with every new publication should 
be discouraged, since it does not permit a 
systematic comparison of the various struc 
tures of goiter in different geographic areas. 
For a successful comparative study of goiter 
the use of a uniform nomenclature seems im 
perative and Aschofi’s classification which, in 
1927, at the International Goiter Conference 
in Bern found the unanimous consent of all 
leading goiter students, should be generally 
accepted also in this country. 

CONCLUSIONS 

1. The morphology and physiology of the 
Kuropean goiter varies widely according to the 
different regions. 

2. The few statistical data available for 
North America seem to indicate that the goi- 
ter type in this country is rather uniform, but 
very different from that in regions of high en 
demicity (Switzerland, Himalayas, Pyrenees). 
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MATTHEWS DUNCAN, lecturer in 
J . midwifery in Surgeons’ Hall Medical 
-" School, Edinburgh, during the middle 
of the last century was the first it seems of 
whom there is any record as having attempted 
to demonstrate experimentally the uterine 
force exerted in labor. His work consisted 
essentially in ascertaining the amount of force 
necessary to rupture fresh fetal membranes 
by measured water pressure, which he re- 
garded as a fair index to normal or “natural 
labor.’ For the extreme pressures he re- 
corded, by a dynamometer, the amount of 
force necessary to be exerted in forceps ex- 
traction, during the uterine contractions. His 
figures arranged in excellent tabular form fall 
well within the large range of since variously 
estimated pressures as from 4 to 400 pounds 
(Williams). He did not measure the uterine 
forces directly. Among his writings, however, 
one discovers that he did realize the possibility 
of direct measurements and although he 
seemed somewhat reluctant to try the method 
which he suggested, he did describe it. 

Two years before Duncan’s excellent book 
appeared, Carcassone is said to have presented 
an instrument for measuring the uterine con- 
tractions before the French National Acad- 
emy of Medicine. He called his instrument 
the metrodynamometre but no description of it 
seems to have appeared, nor are there any 
records of the work done with it. 

It remained for Friedrich Schatz, of Ger- 
many, in 1872, to perfect a method for obtain- 
ing permanent graphic records, by internal 
hysterography, of the force and nature of the 
uterine contractions in labor. His work is 
classic and no investigation or literature per- 
taining to the physiology or dynamics of the 
parturient human uterus is complete without 
full regard for his methods, his results, and 
his deductions. He used a small rubber bulb 


or Kolpeurynterblase of from 70 to 80 cubic 
centimeter capacity which was filled with 
water and was connected in a closed measured 
system, by means of a T-tube to a revolving 
recording drum, and to a calibrated mercury 
manometer. Preferably under chloroform an- 
wsthesia, the bulb was introduced into the 
uterus, past the presenting part, to. the ab- 
dominal surface of the fetus, care being rigidly 
exercised not to rupture the membranes. By 
this method he was able to get, simultane- 
ously, the force in millimeters of mercury 
exerted by the contracting uterus upon the 
rubber ball, as well as a permanent, timed 
tracing of the contractions and relaxations. 
His tracings demonstrate the pressures ex- 
erted in the several stages of labor; the dura- 
tion of the increment, acme, and decrement 
of the contractions; and the influence of the 
addition of abdominal pressure. 

Eight years after Schatz, Poullet, of France, 
constructed an apparatus which he called the 
Tocograph, with the help of which he hoped 
to determine not only the forces exerted by 
the uterus in labor, but also the additional 
forces contributed by the abdominal muscles. 
To this end he introduced a rubber bulb or 
balloon into the uterus and one into the rec- 
tum, above the presenting part, each of which 
was connected by tubing to a recording quick- 
silver manometer. Floats and writing points 
were adjusted to the surface of each column 
of mercury, and tracings were made upon 
Ludwig’s kymograph. It does not appear that 
his results, by these studies, were sufficiently 
successful to permit convincing conclusions. 

Polaillon, a contemporary of Poullet, used 
a small india rubber balloon, but unlike 
Schatz, he placed it just within the cervix and 
used a Marey tambour for recording. His 
work seems to have been more reliable than 
that of Poullet. In order to account for acces- 
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Fig. 1. A composite picture showing the uterus before 
and during a contraction. (De Lee. Courtesy W. B. 
Saunders.) 


sory uterine movements, he divided them into 
extrinsic and intrinsic, the latter being the 
irregular fetal movements; and the former 
made up of such extra-uterine activities as 
coughing, sneezing, deep sobbing, transmitted 
maternal arterial pulsations, bearing down ef- 
forts, and movements of parts of the maternal 
skeleton as might cause additional abdominal 
pressure. 

In 1891, Acconci, an Italian, using an appa- 
ratus similar to Polaillon’s, made several de- 
terminations of the action of various agents 
on uterine contractions, and Doehnoff, a Ger- 
man, in 1892 demonstrated, also graphically, 
that chloroform had a definite depressant 
action upon contractions of the uterus in labor, 
in direct proportion to the depth to which that 
anesthetic was administered. 

F. Westermark (1893) seems to have been 
the first investigator who objected to the 
methods used by some of his predecessors and 
contemporaries in the field of study under 
review. He argued that to introduce a rubber 
bulb or balloon of a large capacity (70 to 
80 cubic centimeters) into the uterus, gave 
rise to the dangers of intra-uterine manipula- 
tions; that it caused increased uterine con- 
tractions above the normal due to the bulk 
added to the contents of the uterus, and that 
it was necessary to anaesthetize each patient 
in order successfully and satisfactorily to in- 
troduce the bulb into its proper position in 
relation to the fetus and membranes. 

To overcome these pertinent objections, 
Westermark used a small rubber bulb similar 
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Fig. 2. Pneumatic chamber, B, unscrewed from plunger 
sheath, 4, to demonstrate plunger, X¥, and rubber dia- 
phragm. The outlet tube, Z, is connected to the writing 
system by rubber tubing. X 1.28. 





to the nipple of a child’s nursing bottle, of a 
capacity of 2 cubic centimeters, which he at- 
tached to a urethral catheter. Using this 
apparatus and a drum recording mechanism, 
he made many very satisfactory and exhaus- 
tive observations upon the duration of labor, 
the various phases of labor, and labor pains, 
as well as the height to which the uterine 
forces rose, in millimeters of mercury, during 
the acme of each pain. 

A departure from all of the procedures men- 
tioned to record uterine contractions was first 
taken by Ruebsamen, of the Frauen Klinik, 
Dresden, in 1913, during his studies of the 
action of pituitary extracts especially in the 
third stage of labor, but no description of his 
method was published until 7 years later. In 
1920, he included, in a report concerning the 
clinical and experimental action of quinine, 
hydrastis, and crotarnin, a method called “‘ex- 
ternal hysterography,” which demonstrates an 
anxious desire to get away from unnecessary 
experimental intra-uterine manipulations. The 
method is no doubt of value for studies con- 
ducted postpartum, but its many shortcomings 
for use in observations conducted during the 
first and second stages of labor are at once 
apparent. 

The apparatus is essentially a device of 
known weight which is carefully adjusted and 
supported on a frame by a cord and pulley so 
that it rests on the abdomen, covering the 
uterus. Apparently, when the uterus con- 
tracts, the weight is lifted, and by means of 
the cord the evenly balanced writing arm of 
a timed revolving recording drum, to which 
it is attached, is raised and a tracing is made. 





















Fig. 3. Air chamber and plunger in tripod support. 


It goes without further comment, that it is 
indispensable for the patient to lie absolutely 
quietly, since moving from side to side will 
alter the support given to the weight; that 
coughing, vomiting, or sneezing may also dis- 
place the weight; and that the bed upon 
which the patient lies may not be moved. It 
may, of course, be assumed that these ideal 
circumstances may be found among extremely 
co-operative patients during and after the 
third stage of labor, but it is almost impossible 
to conceive that one could ever get a sufficient 
number of patients during the first and second 
stages of labor who would be ideal subjects, 
to allow that the apparatus has any value as 
a routine method to record the contractions 
of parturition. 

Aleck Bourne and J. H. Burn are the most 
recent contributors to the graphic study of the 
action of the parturient human uterus. Most 
of their work deals with the action and dosage 
of pituitary extract and the ergot alkaloids on 
the uterus in labor. Their efforts, in 1927, 
toward the standardization of the unit dose 
of pituitary extracts were a decided contribu- 
tion to the best obstetrical literature. In July, 
1930, their most recent article appeared in 
which they used their original method of a 
water filled system consisting essentially of 
a rubber intra-uterine bag and stem, and a 
drum recording apparatus to determine the 
action upon the human uterus, of several 
commonly used drugs and anesthetics. 
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Fig. 4. The hysterograph applied to the abdomen of a 
patient in labor. The recording apparatus is also set up. 


In the United States, M. Pierce Rucker, of 
Richmond, has perhaps contributed more than 
anyone else to the graphic study of the human 
uterus in labor. His most inclusive reports 
embrace the influence of various anesthetics 
and analgesics on the contractions of the 
uterus; the action of pituitary extract and 
thymophysin; and the effect of ergot. He 
took the opportunity, whenever he had occa- 
sion to insert the hydrostatic bag (Voorhees 
bag) into the cervix of one of his patients, to 
connect the stem of the bag with a mercury 
manometer by means of a thick wall rubber 
tube. The free arm of the manometer was 
fitted with a float that carried a writing point 
and inscribed its movements on a revolving 
smoked drum. 


A NEW METHOD FOR EXTERNAL 
HYSTEROGRAPHY 

When the investigation with which this 
paper is concerned was first considered, it was 
believed that if any satisfactory method could 
be found whereby tracings of the uterine con- 
tractions might be recorded without subject- 
ing patients to unnecessary intra-uterine 
manipulations, it would be easily possible to 
collect sufficient data in a relatively short 
time with very little if any hardship to sub- 
jects or inconvenience to nursing assistants. 
It was realized, especially, that every patient, 











The pneumatic chamber and plunger, 4, are 


Fig. 5. 
connected by rubber tubing to the sensitive tambour, D, 
upon which is mounted the writing arm and ink point, EF. 


The glass Y-tube, C, allows for a free arm which may be 
released during adjustments. 


were she to have a hydrostatic bag inserted 
for purposes of study, would consequently be 
subjected to at least one additional period of 
anwsthesia;.and that she would be jeopardized 
by the hazards of vaginal examination and 
cervical manipulations, relatively insignificant 
as they may be in a well conducted maternity 
surgery. This last method of study if it were 
to be done on a large enough scale to be of any 
value, would require the frequent services of 
assistants to prepare the patient, sterilize and 
prepare the colpeurynter set-up, anzsthetize 
the patient, and assist with the attachment of 
the recording apparatus to the stem of the 
bag. Valuable opportunities might be lost 
too, to study a certain patient at a certain 
time, if at that time delivery activities were 
so great—as very frequently occurs—as not 
to be able to have available a delivery room 
team. 

From the viewpoint of study, it was felt 
that the presence of a hydrostatic bag in the 
uterus or cervix, causing, as it nearly always 
does, added stimulation to the force and fre- 
quency of labor contractions, would not give 
a fair estimation of the uninfluenced uterus; 
and that it would be impossible to study the 
normal effect of drugs which are said to 
stimulate the induction of labor and the in- 
tensity of established contractions. 

It was realized too, that an apparatus to be 
successfully used in routine external hys- 
terography must be so constructed as to be 
insensitive to normal breathing, pulsations 
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Fig. 6. 
recording apparatus with the tambour, C. 


The writing arm and ink point mounted on the 
The ruled paper 
controlled by the clock, A, and weight, B, mechanism 
moves at the rate of 1 inch every 5 minutes, each small 
square being equivalent to one half minute. 


transmitted from the abdominal aorta, and 
ordinary movements of the patient. It should 
also be light in weight, not cumbersome or 
annoying to the subject, and easily placed and 
fixed in position on the abdomen during any 
stage of labor without interfering with, or 
retarding, the course of progress. 

Such an apparatus was constructed first 
of brass and then of aluminum from sugges- 
tions made by Professor Sollmann, and with 
the assistance of Mr. Morris Dann, of the De- 
partment of Pharmacology of the Western 
Reserve University Medical School. I have 
used it exclusively with complete success and 
satisfaction for the accumulation of all the 
data presented in this report. The principle 
upon which it is based is that during each 
uterine contraction the anteroposterior diam- 
eters of the uterus and the maternal abdomen 
are increased—the more severe the contrac- 
tion the greater the increase (see Fig. 1). 
Advantage has been taken of these phenomena 
by fixing the plunger and diaphragm of a 
closed air system to the abdomen, so that 
each contraction causes a compression of the 
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Fig. 7*. Normal first stage tracings in primipara showing double contractions and fetal move 


ments; left occipitoposterior position, three fingers’ dilatation. 


A, No analgesia or anwsthesia; 


B, contractions painful, patient comfortable between pains; C, patient more uncomfortable between 
pains and complaining during contraction; D, patient very uncomfortable and complaining. 
*The tracings shown in Figures 7 to 25 have been redrawn to produce better printing plates. Photographs of the original 


tracings appeared in the thesis. 


air which in turn affects a sensitive rubber 
tambour supporting a writing point. 

Figure 2 illustrates the plunger section of 
the apparatus and the air-chamber, which 
have been unscrewed from one another to 
allow one to see the way in which the rubber 
dam is attached and to make more vivid the 
relationship which the internal end of the 
plunger bears to the diaphragm when inward 
pressure is made against the external end. 
The metal outlet tube, z, allows the air, com- 
pressed in the chamber, to be transmitted to 
the recording system. These parts of the 
apparatus are screwed tightly together, and 
supported on the abdomen in a tripod-like 
structure, which is fixed by tapes tied in the 
eyelets of the tripod and held fast by ad- 
hesive straps to the patient’s loins (Figs. 
3 and 4). 

The apparatus is applied to the abdomen 
over the point of maximum contraction and 
bulging which most frequently is in the im- 
mediate neighborhood of the umbilicus, and 
by increasing or decreasing the tension on the 
tapes, as well as by lowering or raising the 
apparatus in the support by means of the set 
screw the plunger is set approximately half 
its length within its sheath. The metal outlet 
tube is then connected by rubber tubing to the 
writing tambour (Fig. 5). A glass Y-tube is 
placed in this circuit so that the free arm may 
be opened during the manipulations of ad- 
justment, thus relieving any adventitious 
compression of the air, from handling or 
squeezing the tubes, before the study is begun. 
Before each study, the entire air system is 
immersed in water to detect air leaks which 
are repaired at once. 





Abdominal respiratory movements and 
fluctuations of the abdominal wall due to 
pulsations transmitted from the maternal 
aorta, do not affect the plunger. The entire 
apparatus with its tripod support rests on the 
evenly undulating movements of the abdomen 
in the intervals between contractions similar 
to the way in which a moored skiff rests upon 
the ripples of a calm lake. Violent contrac- 
tions of the abdominal muscles, voluntary or 
involuntary, or increase in the intra-abdominal 
pressure due to hard coughing, vomiting, or 
bearing down efforts cause additional com- 
pression of the column of air in the system 
and superimposed lines on the ccrresponding 
tracings. Fetal small parts, when they move 
directly under or very nearly adjacent to the 
plunger, also cause a very transitory variation 
in the tracings. 

The sensitive tambour, upon which is sup- 
ported a writing arm with a small glass pen, is 
part of the recording apparatus (Fig. 6) 
modified by Mr. Dann from a similar appa- 
ratus manufactured by the Toledo Technical 
Appliance Company, Toledo, Ohio, which 
was designed by him, and Doctor Harry R. 
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Vig. 8. Normal first stage contractions of a primipara, 
no anesthesia, no analgesia. Points A and B indicate 


where pain was felt and where it disappeared, respectively. 
Note the irregular intensities, double contractions, and 
fetal movements, MM. C, Cervix dilated 3 fingers. 
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Fig. 9. 
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Transition from first to second stage. Note the superimposed tracings 


caused by increased pressure or “bearing down” at B. Patient was a primipara; 
vertex presentation; no anesthesia or analgesia. 


Trattner of the Department of Genito-urinary 
Surgery, Cleveland City Hospital, to record 
the contractions of the human ureters and the 
rate of urine flow. The ink point inscribes its 
tracings upon a continuous roll of white 
metabolator paper which is ruled in tenths of 
inches. The unrolling of the paper is accom- 
plished by a revolving cylinder at the ends of 
which are evenly spaced, spiked cogs which fit 
into the holes on the edges of the paper. The 
cylinder is made to rotate by means of a clock 
and weight mechanism so that one inch of the 
paper passes a given point in 5 minutes, each 
tenth of an inch ruling, therefore, representing 
one half of each minute. 

It is possible with this specially ruled paper 
easily and readily to read off the time factors 
in any particular study, such as the intervals 
between contractions, the duration of time 
from beginning to end of each contraction, the 
time necessary for any particular drug or 
agent to affect the tracings, and so forth. 

No concern has been given to measuring 
uterine forces by the mercurial manometer. 

None of the patients complained of any 
great discomfort due to the weight or presence 
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Fig. 10. Typical second stage tracing when no analgesia 
or anesthesia has been given. 
and the cervix was fully dilated. 
down. 


Patient was a primipara 
1, Voluntary bearing 





of the apparatus, and they often manifested 
considerable interest in watching the “pictures 
of their pains,” or learned to prepare them- 
selves for a pain when they saw the writing 
point begin to rise from the base line of relaxa- 
tion during the short interval before a con- 
traction was sufficiently intense to arouse 
central registration of pain. 

Nearly fifty individual studies were com- 
pleted at the time of this writing. Tracings 
were made in the first and second stages of 
labor under varying circumstances, and the 
clearest specimens of each class photographed 
for reproduction in this report. 


CHARACTERISTIC TRACINGS 


The Uninfluenced or Control Uterus in 
Labor 


The human uterus, just as all other non- 
striated muscular organs, is independent of the 
will of the patient, and its contractions can 
not, therefore, be diminished or increased by 
her volition. The uterus contracts painlessly 
throughout the greatest span of life of the 
human female and even in intra-uterine life— 
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Fig. 11. Effect of ether on the uterine contractions of 
a multipara, vertex presentation, in labor. Point A indi- 
cates the beginning of the second stage of labor and the 
arrow indicates the commencement of drop ether. 
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Fig. 12. Ether as an analgesic has no effect upon the progress of labor when given during con- 


tractions. 


A, Inhalation of approximately 1 dram of ether during each pain; B, patient is more 


comfortable during pains; C, membranes intact, nearly fully dilated cervix; D, vomiting; £, patient 
comfortable during pains, ether continued; /’, cervix fully dilated, delivered shortly thereafter. 


except in pathological changes of its contour 
or cells, and in labor. Ko Chi Sun, in his work 
on the spontaneous contractions of the human 
uterus, at Johns Hopkins University, was able 
to demonstrate these facts beautifully in sub- 
jects ranging from a 6 months fetus to women 
of the climacteric. 

The painless intermittent contractions 
which also persist all through presnancy be- 
come painful and increase in intensity of 
force and frequency of recurrence during the 
progress of labor. The contractions, as a rule, 
are at the onset not very fierce and recur at 
intervals of from 15 to 20 minutes. As labor 
progresses, the contractions grow stronger and 
more frequent, and whereas at first the patient 
may have experienced some discomfort and 
feeling of fullness in her lower back, she now 
begins to complain of pain and may beg for 
relief. 

When labor is well established the uterus 
contracts at intervals of from 114 minutes to 
4 minutes. Each contraction reaches its 
maximum slowly, but the acme is maintained 
only a relatively short period of time before 
relaxation sets in. The whole time which 
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transpires from the beginning of a contraction 
to the point of complete relaxation varies in 
different patients and at different times dur- 
ing a single labor. Contractions also may be 
double; that is, somewhere before a contrac- 
tion has reached a point of complete relaxa- 
tion the uterus may contract again, the second 
contraction sometimes being more painful 
and intense than the original. Contractions, 
too, are not all of the same degree of intensity, 
especially in the first stage of labor. A strong 
and very painful contraction may be followed 
by a mild and weak one; or, one or two weak 
pains may precede a very firm and painful 
one. The periods of lessened work and the 
phases of complete relaxation and rest be- 
tween contractions are no doubt useful for 
the carrying off of the waste products of 
muscular activity by the circulatory system, 
and for supplying the fetus with sustaining 
oxygen and the uterine tissues with fresh 
oxygenated blood in preparation for the 
exertion. 

Figure 7 is the reproduction of a tracing 
made by the contraction of the uterus of a 
primiparous patient, who had had no agents 
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Fig. 13. Tracings of a typical low forceps delivery; ether anesthesia; primipara. A, Cervix fully dilated; B, head on 
perineum; C, ether on, to control contractions; D, scrub; E, delivery begun—left occiput anterior presentation, low for- 


ceps, no ether for contractions; /’, birth. 
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Fig. 14. The effect of nitrous-oxide-oxygen analgesia. 


c D 


Primipara; cervix 


dilated two and one half fingers. A, No inhalation analgesia; B, contractions 
painful; C, nitrous-oxide analgesia; D, patient comfortable. 


for the relief of pain. The cervix at the time 
this study was made was dilated 7 centimeters 
and the fetus was presenting in the left 
occipitoposterior position. One can observe 
that the intervals between the several con- 
tractions vary from %4 minute to 3 minutes; 
that there is a variation in the degree of in- 
tensity between certain of the several con- 
tractions, that two and possibly three double 
contractions occurred; and that the duration 
of time from the beginning of the increment 
to the end of the decrement varies in different 
contractions from less than 1 minute to nearly 
3. It is also remarkable that although the 
contractions may reach their maximum slowly, 
they do not always do so gradually; an occa- 
sional one seems to maintain iself at a certain 
level for a short period of time, and then 
suddenly increases in intensity. The impres- 
sion made by the movement of a fetal small 
part is also apparent in this exhibit (the quick 
contraction fifth from the right). 

The contractions of the uterus in labor are 
not painful throughout the entire phase. For 
a very short time after the contraction begins 
there is no sensation of pain, and shortly 
before complete relaxation has been reached 
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Fig. 14 A. A, Nitrous-oxide, surgical depth, begun; B, 
patient completely anesthetized; C, note increased tonicity. 


pain disappears. Pain becomes progressively 
more severe from its onset and is maintained 
at its peak during the entire acme of the 
contraction, leaving gradually as the uterus 
relaxes. The letters A and B in Figure 8 in- 
dicate, respectively, the points on the tracing 
where pain was first experienced and where it 
entirely disappeared. These were analogous 
for all of the contractions shown. This par- 
ticular tracing also demonstrates, in contrast to 
the one discussed in the preceding paragraph, 
the longer periods of time which may be con- 
sumed from the beginning to the end of con- 
tractions. Here the periods extend from 1 
rninute to 3 minutes, while the intervals range 
from less than a minute to over 3. The in- 
dividual variations in the intensity of the 
contractions, too, as well as fetal movements 
and a ‘‘double pain” are evident here. 

The uterine forces in the first stage of 
normal unobstructed labor perform among 
others, two main functions: the dilatation and 
effacement of the cervix. During this period 
the patient herself plays a more or less passive 
role, in that she is unable to help the course of 
labor to any great extent. When the cervix 
is fully obliterated and opened, however, 
the pains take on an expulsive character. The 
patient becomes aware of a body in her pelvis 
—the presenting part of the fetus—and she 
experiences a desire to expel it. Then, with 
the onset of each pain, she fixes her diaphragm 
and chest in inspiration, closes the glottis, 
and by a powerful and rigid action of the 
abdominal muscles ‘‘bears down” or strives 
to drive the presenting part to a lower plane 
in the pelvis, or onto the perineum. The 
patient often makes several expulsive efforts, 
similar to the one described, throughout the 
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Fig. 15. Note the severe and strong contractions recorded 
before the administration of spinal anesthesia. Patient was a 
primipara, left occiput posterior presentation, cervix 9 centimeters 
dilated. A, Contractions severe; /M, fetal movements; C, patient 
complains bitterly. D, 2 cubic centimeters spinocain were injected 


duration of a single contraction while the 
uterus remains firm. 

| Graphically the transition which occurs 
» from the first stage to the second is most vivid. 
, From the even and smooth curves seen nearly 
{ always in the first stage, the tracings reveal 
lines superimposed upon the basic curve of the 
contractions in second stage labor. These 
accessory lines are due to the several expulsive 
efforts of the patient which increase the intra- 
abdominal pressure. 

Figure 9 very clearly shows this transition 
at the time of complete effacement and dila- 
tion of the cervix. The case represented is 
that of a primiparous patient, who had not 
been given any analgesia or anesthesia so 
that an uninfluenced record might be made. 
At point B on the tracing the curves begin 
| to take on the few accessory superimposed 
tracings of early second stage labor, and from 

7 minutes after that point all of the subsequent 
contractions are accompanied by “bearing 
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Fig. 15A. The immediate effect of spinal anesthesia. 
Depression of frequency and intensity; increased tonicity. 
The base line is higher than in Figure 15. F, Immediately 
after completion of intraspinal injection; G, patient feels 
no pain during uterine contractions; and is completely 
anesthetic caudal to the costal margin. 








between fourth and fifth lumbar vertebre at x. 


? 


down” efforts. Due to the fact that the 
graph paper moves slowly (at a rate of 1 inch 
every 5 minutes) the semi-voluntary expulsive 
and ‘‘bearing down”’ tracings come very close 
together, and individual lines may be ob- 
scured by the proximity. 

With my method of recording the tracings 
described above are typical of the second 
stage when no anesthetic has been admin- 
istered, and Figure 10 demonstrates a 25 
minute period following complete dilatation 
of the cervix in a primiparous patient. 

A Classification of the Agents Studied 

The medicaments and agents generally used 
during the first and second stages of labor can, 
broadly speaking, be divided into two main 
groups: (1) those which are used to relieve 
suffering and mental anguish so that labor 
may be bearable during its entire course; and 
(2) those which are used to stimulate the 
progress of labor so that the period of time 
during which a patient must suffer will be 
shortened. The first are given primarily 
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Fig. 15B. Anesthesia persists but contractions recur. 
Tonicity of uterus approaching complete relaxation be- 
tween contractions near the end of the tracing. /, Anas- 
thesia persists and continued in all for 1.5 hours. 
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Fig. 16. The immediate effect of 14 grain morphine on the uterine contractions 
in early labor. Depression of frequency and intensity; increased tonicity. Patient 
was a primipara; cervix dilated one half finger, vertex presenting. A, Contractions 
very painful, patient very restless; B, contractions of long duration; C, morphine sul- 
phate, 4 grains, hypodermatically; D, patient beginning to feel sleepy; £, patient 
sleeping between and during contractions, groans a bit during pains; F, duration of 


contractions increased, intensity somewhat less. 
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Fig. 16 A. From 30 minutes to 80 minutes after morphine. Compare with Figure 
16. Note the increased intervals and prolonged decrements. G, Patient resting 
completely during and between pains; H, patient somewhat restless, but not 
awake, during contractions; J, fetal movements. 
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Fig. 16 B. The tracings appear similar to those taken before the admin- 
istration of morphine (Fig. 16), 85 to 125 minutes after administration. 
J, Patient becoming somewhat wakeful and complains very little during 
contractions; K, cervix one and a half fingers dilated; LZ, contractions 


arouse patient. 


where the patient’s welfare and comfort are 
considered, and the second for bringing mat- 
ters to a crisis. In a well managed labor, com- 
binations of drugs from both groups may be 
called into use according to the conditions 
surrounding each individual case. 

The agents with which this study is chiefly 
concerned are classified as follows: 


Group I 
1. Anaesthetics 
a. General administration—ether, nitrous- 
oxide-oxygen. 
b. Regional, or intra-spinal administration— 
spinocain!. 
1 Spinocain (Metz). Each 2 cubic centimeter ampule contains 200 milli- 


grams novocain; 2.2 milligrams strychnine sulphate, in a special solution; 
alcohol 14.5 per cent. 


2. Analgesics 
a. Hypodermicadministration—morphinesul- 
phate, morphine and scopolamine 
b. Rectal,or Colonic administration—‘‘Gwath- 
mey mixture No. 2?, ““Gwathmey mix- 
ture No. 3°, “avertin fluid’’ 
c. Oral administration—“sodium amytal’’® 


Group IT 
3. Oxytoxics 
a. Hypodermic administration—pituitary ex- 
tract, ‘‘thymophysin’”® 
b. Oral administrations—quinine sulphate. 


2 Gwathmey mixture No. 2 contains oz. iiss; alcohol 3 drams, quinine 
hydrobromide ro grains; liquid petrolatum, qs. ad. oz. iv. 

3 Gwathmey mixture No. 3 same as above without quinine or alcohol 

4 Avertin fluid, solution tribromethanol (Winthrop). 

5 Sodium amytal, sodium iso-amyl-ethy] barbiturate (Lilly). 

6 Thymophysin, a non-standardized combination of pituitary and thy- 
mus extracts—Temesvary (American Bio-Chemical Laboratories). 
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Fig. 17. Tracings showing the immediate effect of morphine scopolamine upon the uterine 
contractions in‘a primiparous patient. A, First stage, two fingers’ dilatation, no analgesia or 
anesthesia; B, patient complaining and very restless; C, !/, grain morphine, so grain 
scopolamine; D, sleeping, no complaints during contractions. 
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Fig. 17A. _Tracings showing the effect of two subsequent injections of scopolamine in the same patient 


as in Figure 17. 


A, Injection of !/ .grain scopolamine; B, patient groaning during contractions, sleep- 


ing well between pains; C, restless during pains, restful between pains; D, scopolamine injection of ! /409 
grain; E, very restless during pains, sleeps between contractions; F’, rectal ether given. 


In Group I are found that invaluable class 
of agents—the anesthetics and analgesics— 
which when skillfully used, and wisely, can 
be made to transform what is too often a 
horribly painful, exhausting, and tortuous 
ordeal into nothing more than a vague mem- 
ory of an uncomfortable experience. At the 
Cleveland Maternity Hospital, certain anzs- 
thetics and analgesics, after a long period of 
clinical observation, have come to be used 
more or less routinely; and for the purpose of 
confirming or altering the clinical impressions 
which have been gained as well as for the pur- 
pose of studying the action of several less 
extensively used, and consequently less fa- 
miliar preparations, this investigation has 
primarily been undertaken. 


The Influence of the Agents Upon the 
Uterus in Labor 


Ether. Sir James Y. Simpson was the first 
to use ether in obstetric practice on January 
19, 1847, when he did a version and extrac- 
tion (De Lee). In the United States at the 
present time, ether is probably used at the 
time of delivery to a greater extent than any 
other anesthetic. Because of the safety with 





which it can be administered, its hypnotic 
and anesthetic effects upon the patient, and 
the property which it has of depressing the 
intensity and frequency of the contractions 
of the uterus, ether can be regarded as an 
invaluable drug not only in unobstructed 
labor but particularly in the dystocias which 
are terminated vaginally. 

One may control the contractions of the 
uterus with ether, at will. In direct propor- 
tion to the depth to which this anesthetic is 
administered are the intervals between con- 
tractions prolonged and the intensity de- 
creased; and they can be entirely obliterated 
when the concentration of ether has reached 
the surgical degree. Conversely, as the ether 
absorbed by the patient is eliminated, the 
contractions begin to recur and increase in 
intensity and frequency at about the same 
rate at which they were decreased. This 
property of ether is often a life saving virtue, 
as when rapid intra-uterine manipulations 
must be carried out; when excess uterine 
pressure is being exerted upon the fetus; when 
a contraction ring must be relaxed; when the 
danger of rupture of the uterus is imminent 
due to a weak hysterotomy scar or to the 
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Fig. 18. The effect of colonic ether with quinine upon the contractions of the uterus. Patient was a primipara; 
cervix was two and one-half fingers dilated; vertex, left occiput anterior. A, Patient restless and uncomfortable, during 
and between pains; B, colonic ether instillations, 2 ounces with to grains quinine; C, 15 minutes after instillation; 
D, patient comfortable and does not complain or become restless; FM, fetal movements; £, intervals between pains 
greater and intensity decreased; /, cough; G, contractions becoming more frequent and intense, but patient is sleeping; 
/1, contractions similar to those before instillation, patient comfortable. 
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inadvised administration of an oxytoxic; as 
well as when many other conditions may arise 
where labor must be stopped. 

Figure 11 demonstrates most conclusively 
the effect which ether has. The tracing 
represents a multiparous patient who at the 
point A is entering the second stage of labor. 
She has been allowed to have three second 
stage contractions (characterized by the 
superimposed tracings of additional ab- 
dominal pressure) before ether was begun. 
The first effect of the ether is to remove the 
semi-voluntary “bearing down” efforts, at 
point B; then to decrease the intensity of the 
contractions and finally to obliterate them 
almost entirely. 

Ether is also very satisfactorily used for its 
pain alleviating qualities alone—as an anal- 
gesic. When given in approximately 1 dram 
doses, in a partially dosed mask or cone at the 
beginning of each contraction, the sensation 
of pain is almost entirely removed, and the 
progress of labor is not impaired. Figure 12 is 
a tracing of a patient similarly treated, and 
no influence upon the force or frequency of 
the contractions is noticeable. 

When ether is used as an analgesic, the 
depth at which it is being given can be in- 
creased, so that as the time for delivery ap- 
proaches the patient is anesthetized. At the 
Cleveland Maternity Hospital this method is 
used almost to the exclusion of any other. 
When the patient is ready to be delivered, she 
is anesthetized to the extent that the uterine 
contractions are almost entirely obliterated, 
so that the preparation of the field of opera- 
tion may be carefully done and the perineum 


well dilated manually. In the event the de- 
livery necessitates some intra-uterine manip- 
ulation as in podalic version and extraction, 
or simple extraction for breech presentation, 
the anesthesia is continued until these maneu- 
vers are completed. However, if the patient is 
to be delivered with forceps the ether is re- 
moved after the forceps are applied so that 
the contractions may recur. Traction on the 
forceps is made then with each contraction. 
When the head is brought down to that plane 
in the pelvis where the chin can be felt through 
the perineum, the forceps are removed and 
the anesthesia reinforced. The head is thus 
delivered under the complete control of the 
operator, and he may extract it slowly and 
with care, preserving the perineum to the 
greatest extent. Figure 13 represents a trac- 
ing of a typical low-forceps delivery with 
ether anesthesia, in a primiparous patient. 

Nitrous-oxide-oxygen gas. Priestly, about 
1776, first prepared this gas, and its anes- 
thetic properties were first described by 
Humphrey Davy and by Wells. Edmund 
Andrews, of Chicago, in 1868 was the first to 
administer it combined with oxygen, as a 
safe and satisfactory anesthetic (Sollman, 
Luckhardt). 

When nitrous-oxide-oxygen is administered 
during labor, it acts purely as an anesthetic or 
analgesic, with no depressant effect upon the 
contracting uterus. I have been unable to 
cause any cessation or diminution of the 
frequency or intensity of the contractions 
regardless of the depth to which the gas had 
been administered. On the other hand, several 
of the tracings bear out the contention that 
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Fig. 19. Normal contractions, first stage of labor in a primiparous patient; 
cervix dilated four fingers; left occipito-anterior position. A, Patient very 
uncomfortable, effect of morphine and scopolamine wearing off; FM, fetal 
movements; B, contractions painful; C, patient restless; D, patient in need of 


further analgesia; F, cervix fully dilated. 


this gas may even stimulate or increase uterine 
contractions. Other investigators have made 
the same observations (Danforth and Davis). 

AtC in Figure 14, nitrous-oxide-oxygen gas 
was started and given continuously. The pa- 
tient was not completely unconscious during 
this period but the concentration of gas was 
sufficient to remove all sensation of pain. The 
contractions continued at approximately the 
same frequency with a noticeable tendency to 
an increase in intensity. At A in Figure 14A 
(the same patient) the concentration of the gas 
mixture was increased so that 10 minutes later 
the patient was completely anesthetized. The 
contractions continued at the same frequency. 
At the point where complete anesthesia 
occurred the tonicity of the uterus was 
greatly increased, evidenced by the rise of the 
base line, and the contractions became more 
regular. Although the patient showed no 
external evidence of asphyxia it probably 
occurred to a certain degree in the uterine 
tissues, causing the slight incomplete tetany— 
the incomplete relaxation phases. The pal- 
pating hand, alone, would not be able to 
determine this change, and it is therefore 
important to realize that a fetus may be 
subjected to increased pressure and be de- 
prived of a certain amount of oxygen ex- 
change, when nitrous-oxide-oxygen gas is 
administered for any length of time to more 
than an analgesic degree. 

Internal podalic version, the decomposition 
of a frank breech presentation into a footling, 
or even the manual removal of an adherent 
placenta, can not be safely or conveniently 
done under this anesthetic. The reasons are 
apparent. 


Spinocain. The use of spinal anesthesia in 
obstetrics has had its days of enthusiasm and 
its days of derision, and today there are 
reports which deny the dangers and complica- 
tions which other reports charge, accompany 
its use. With the possible exception of satis- 
factory local anesthetic infiltration, the con- 
sensus of opinion seems to favor the use of 
spinal anesthesia for abdominal delivery 
where respiratory, cardiac, or systemic contra- 
indications to general anesthesia exist, just 
as in general abdominal surgery. 

For the delivery of women vaginally, there 
seems to be a general appreciation of the un- 
reliable action of the spinal anesthetic (DeLee 
and Greenhill, 10) upon the tonicity of the 
uterus and cervix, in addition to the effect 
which the drugs used may have upon blood 
pressure, blood loss, and the nervous system. 
Shock and collapse also occur now and then, 
and vomiting is sometimes a complication. 

Whitehouse and Featherstone, in 1923, 
described the effect upon the uterus of inject- 
ing tropacocaine into the spinal cord with 
the following: ‘‘When the lumbar cord is 
paralyzed by the drug, the uterus always 
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Fig. 19 A. Contractions of the uterus after colonic in 
stillation of ether without quinine. (Compare with Figure 
1g.) A, Fifteen minutes after administration of colonic 
ether, 2 ounces without quinine; B, patient sleeping during 
and between pains; C, patient apparently very comfortable. 
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Fig. 20. Normal contractions before the rectal instillation of avertin. Pri- 
mipara, first stage; no analgesia or anesthesia. FM, Fetal movements; A, three 
fingers’ dilatation; B, avertin given per rectum, 60 milligrams per kilogram. 
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Fig. 20 A. The effect of avertin upon the contractions is to prolong the inter- 
vals. (Compare with Fig. 20.) C, Patient asleep; D, patient becoming restless, 
less than 1 hour after avertin; four fingers’ dilatation. 


contracts and it does not relax until the drug 
ceases to act.”’ Metzger, since that time, con- 
cluded that the injection of 0.7 cubic centi- 
meter of a 10 per cent solution of stovaine 
provoked a hypertonicity of the uterus, and 
Bourne and Burn conclude that stovaine 
intraspinally does not inhibit the contractions 
of the uterus but interferes with complete 
relaxation between pains. 

On the other hand, J. W. Kelso says that 
caudal anesthesia produces a certain amount 
of inertia of the uterus in practically every 
case, while Henry and Jaur report that if 
epidural anesthesia is given too high there is 
danger from uterine hemorrhage due to 
inertia and that in the low type there is no 
uterine anesthesia. 

For the purpose of study we have injected 
“spinocain” intraspinally and have recorded 
the contractions of the uterus before and 
after. Figure 15 represents the contractions 
of a primiparous patient (9 centimeters 
dilated) before 2 cubic centimeters of spino- 
cain were injected, at point x. Figure 15A 
represents the immediate uterine reaction—a 
diminution in the frequency and in the in- 
tensity of several contractions for a period of 


30 minutes before they resumed their previous 
character; and a rise of the base line, indicat- 
ing relaxations to a less degree than before the 
intraspinal injection. The increased tone per- 
sisted for 45 minutes until, in Figure 15B, the 
relaxations between contractions seemed to 
fall to the original base line. 

The patient was free of labor pains for near- 
ly 2 hours after the injection, the region of 
anesthesia extending from the costal margins. 
However, the cervix was not completely 
dilated until nearly 4 hours after the spinal 
injection and ether inhalations had to be given 
to alleviate the recurring pain. It is interest- 
ing to note in this case that when delivery was 
attempted, the vertex was found to be in the 
left occipitoposterior position and above the 
brim of the pelvis and that attempts to deliver 
by internal podalic version were frustrated 
by a tonic uterus. Laparotrachelotomy was 
resorted to. The patient made an uneventful 
recovery and the condition of the baby was 
good. 


Morphine. Clinical experience with the 


administration of morphine during labor 
indicates that the action of that drug is not 
Upon some patients it 


always the same. 
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Fig. 21. The regular contractions of the uterus during 
labor of a multiparous patient, in first stage; no analgesia 
or anesthesia. A, Contractions painful; B, patient restless. 


occasionally has the effect of hastening labor; 
in others it may have no effect upon the 
progress of labor; in another group it may 
retard progress for a very short time; and in 
nearly all patients it affords temporary relief 
from suffering. 

Generally, experimental evidence regarding 
the action of this drug upon the contractions 
of the uterus in labor pretty well fits in with 
Hensen’s opinion, that in moderate doses 
morphine has little or no effect. Rucker (29), 
however, demonstrated a tracing made by 
internal hysterography, in which there was 
decided diminution in the frequency of the 
contractions after the hypodermic adminis- 
tration of 1% grain of morphine; and at the 
same time called attention to the clinical fact 
—often observed in practice—that an increase 
in uterine contractions may follow a small 
dose of morphine. 

In animals morphine has no effect upon the 
normal contractions of the uterus im situ, but 
when applied to the excised uterus, the tone 
is somewhat increased (Sollmann, Barbour; 
Barbour and Copenhaver). 

The several observations which I have 
made upon the human uterus in labor after 
the administration of morphine agree with 
those made by the investigators quoted 
above. In addition I also have tracings which 
would seem to agree with the results of 
Bourne and Burn (5) who say: “Morphine 
lessens the frequency of uterine contractions, 
but the pains pass off more slowly.” 

These writers assume, however, that since 
the contractions pass off less quickly than 
before, the work done by the uterus is prob- 
ably as great or even greater than before, 
despite the lessened frequency. I believe that 
this conclusion is not soundly based, since it 
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Fig. 21 A. Tracings demonstrate no immediate effect 
upon the contractions of the uterus after the oral adminis- 
tration of sodium amytal, 12 grains. C, 12 grains sodium 
amytal was given by mouth; D, contractions harder; F, 
patient sleeping soundly between contractions, is only very 
slightly restless during pains. 


is not the tightly contracted organ which is 
of value, from the mechanical standpoint, 
but that it is the period of increase, or in- 
crement of the contraction, which is effective. 

Figures 16, 16A, and 16B illustrate the 
average effect of 14 grain of morphine upon a 
primiparous woman in early first stage labor. 
Fifteen minutes after the administration of 
the drug, hypodermically (Fig. 16), the pa- 
tient began to feel sleepy and for the next 15 
minutes the intensity of the contractions 
appear to have been lessened to a slight de- 
gree, although the time intervals of recurrence 
are maintained. For the next 45 minutes 
(Fig. 16A) the contractions again reach their 
former intensity but the intervals between 
them are very slightly prolonged, and the 
periods of relaxation for each individual con- 
traction are increased. Thereafter, the trac- 
ings return to their appearance before the 
administration of the narcotic. It is most 
noteworthy that not only did the patient have 
an almost complete rest for over 114 hours, 
from the effect of the morphine (and at the 
end of that time she was merely aroused by 
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Fig. 21 B. F, One hour and forty-five minutes after 
sodium amytal was administered. Contractions regular 
and forceful, patient comfortable. G, Contractions more 
frequent and stronger; //, patient sleeps very soundly be 
tween pains. Moves about with pains. 
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Fig. 22. The action of 3 minims of pituitary extract upon the first 
stage contractions is to increase the force, frequency, and tonicity of the 
uterine contractions. Secundipara, vertex at low mid, left occipito- 
anterior. FM, Fetal movements; A, three and one-half fingers’ dilata- 
tion; B, cough; arrow indicates injection of 3 minims of pituitrin; C, 


cervix near full dilatation. 


the contractions) but that labor progressed, 
the cervix dilating from approximately 1 
centimeter to 3 centimeters. 

Since morphine has no marked or prolonged 
depressing effect upon the uterine contrac- 
tions of an established labor, it is often used 
as a test to differentiate true from false labor. 
Almost invariably morphine will stop the 
contractions of the uterus when labor is false. 

Reference was made in a preceding para- 
graph to the occasional clinical effect of mor- 
phine— its stimulating action. Often a patient 
who has been in labor for some time and has 
made little or no progress, is given a hypo- 
dermic of morphine, and shortly thereafter the 
cervix is completely opened and delivery may 
follow at once. This reaction is probably due 
to a combination of the relaxation of the cervix, 
an increased tonicity of the uterine muscle, 
and a general refreshment of the whole organ- 
ism resulting from induced psychic tranquility. 

Morphine and scopolamine. In 1901, V. 
Steinbuechel (34) first used morphine and 
scopolamine in obstetrics, and Gauss and 
Kroenig’s clinical use of this combination in 
the University Women’s Hospital of Freiburg 
is well known. The first years of the combined 
use of these drugs were limited to Europe, and 
after a wave of enthusiasm in the United 
States subsequent to that time, it was more 
or less abandoned as a routine analgesia in 
labor. However, in a few clinics in this coun- 
try, at the present time, “twilight sleep” 
analgesia is used, but the method is a modifi- 
cation of the original Freiburg method (De 
Lee). For two decades the use of morphine 
and scopolamine has been routine for pri- 


miparous patients in the Cleveland Maternity 
Hospital, and there has never been any 
question of discontinuing its use (Bill). 

On the basis that if given too close to the 
time of delivery it may cause depression of 
respiration in the baby, the treatment is not 
started when delivery either vaginally or 
abdominally is expected within 4 hours. Other 
than for this contra-indication, morphine and 
scopolamine are never denied a patient. 

As soon as a primiparous patient begins to 
complain of pain or discomfort she is given 1/6 
grain morphine and 1/150 grain scopolamine 
hypodermically. Forty-five minutes later a 
hypodermic injection of 1/200 grain of 
scopolamine is given to be followed in another 
45 minutes by 1/400 grain of the same drug. 
From that time on she receives every 114 
hours, subsequent doses of 1/400 grain until 
it is estimated that the patient will be ready 
to be delivered in 3 to 4 hours. Occasionally 
a dose of scopolamine during the course will 
be combined with an additional dose of mor- 
phine 1/6 grain, if the course of labor is un- 
usually slow, or if the patient seems some- 
what restless. Amnesia is complete in the 
greatest majority of patients, and once in a 
while a patient may recall some unimportant 
incident concerning her care or an examina- 
tion; but there is no memory of pain. 

Since delivery of a patient usually occurs 
within 2 to 2% hours after the beginning of 
second stage labor, the injections of scopola- 
mine are stopped when the cervix is dilated 
about 8.5 centimeters and analgesia is con- 
tinued by inhalations of ether or nitrous- 
oxide-oxygen, or a colonic instillation of 
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ether. If the morphine-scopolamine routine 
is carried out with due regard for the time of 
expected delivery, no baby suffers any re- 


spiratory depression from the drugs. If a 
baby does have simple asphyxia at the time of 
delivery, the delay in respiration is not due to 
the hypodermic analgesia, but rather to its 
having absorbed a share of the general 
anesthesia which made the mother uncon- 
scious. Gentle manipulations invariably start 
respiratory efforts, and regular normal breath- 
ing follows immediately thereafter. 

Scopolamine combined with morphine has 
no characteristic effect upon the uterus in 
labor, other than that which is seen from 
morphine alone. Just as morphine generally 
does not interfere with the normal progress of 
labor to any appreciable degree one way or 
the other, so is it when the treatment described 
at length above is given. Figures 17 and 17A 
give a fair idea of the usual effect. 

In the first series (Figs. 17 and 17A) there 
is somewhat of a depression in the intensity 
of several of the contraciions following the 
initial dose, but labor continued. After the 
effect of this hypodermic injection seemed to 
have worn off—a period of about 45 minutes— 
the contractions assumed their previous de- 
grees of intensity, despite subsequent ad- 
ministrations of scopolamine alone. The 
patient was relieved of all mental anguish 
and whatever suffering she may have had was 
manifested only by her restlessness during 
contractions as labor advanced. 

Gwathmey mixture No. 2. On May 11, 1923, 
James T. Gwathmey, M.D.,et al., with a vision 
toward an ideal, presented a preliminary re- 
port before the Atlantic City Medical Society, 
entitled, “Painless Childbirth by Synergistic 
Methods” (14). This was the first chapter 
in the history of what has now become a 
nationally known and widely used method for 
alleviating suffering during confinement. It 
has no doubt been one of the better contribu- 
tions in the way of a safe and almost “‘fool- 
proof” analgesia for general use in obstetrics, 
since the beginning of this century. His 
recent report (13) including a study of more 
than twenty thousand cases, proves con- 
clusively the value of the method in general 
obstetric practice. 
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Fig. 23. These tracings represent the effect of thy 
mophysin—Temesvary—upon the uterus in labor. Note the 
increased frequency, intensity, and tonicity, and compare 
with Figure 22. Patient was a ii-para, cervix was dilated 
three and one-half fingers, presentation was right occipito- 
anterior. The first arrow indicates the injection of 7 minims 
of thymophysin; the second arrow, beginning relaxation. 


The Gwathmey technique (8) is not 
followed implicitly in the Maternity. Hospital 
of Cleveland, but the ether-oil colonic in- 
stillation, somewhat as he describes, is very 
often used as a supplementary analgesia in 
primiparous patients who are being carried 
on morphine-scopolamine, and in multiparous 
cases, combined with the oral administration 
of “sodium amytal.”’ 

The mixture No. 2 which we use is com- 
posed of 2.5 ounces of ether, 3 drams of 
alcohol, quinine hydrobromide to grains, and 
sufficient liquid petroleum to make a 4 ounce 
mixture. This mixture is used by us very 
often, and its effect when administered 
rectally has a profound tendency, in most in- 
stances, to give the patient relief from pain 
and to cause sleep for varying lengths of time. 
Its effect upon the contractions of the uterus 
are almost nil, and are so slight as to be ig- 
nored, although there may be a period of 
from 5 to 10 minutes after the administra- 
tion of the mixture in which the contractions 
are slightly decreased in intensity. But this 
very slight prolongation of labor is certainly 
compensated for in the comfort of the patient. 

Figure 18 is typically representative of what 
happens to the contractions of the uterus 
after a colonic instillation of ether-oil, con- 
taining quinine. 

Gwathmey mixture No. 3. This mixture does 
not contain any quinine or alcohol and is 
occasionally used by us in any case where 
possible stimulation of the uterus is to be 
avoided, as in patients who have had previous 
cesarean sections, or where the contractions 
are already extremely intense and recur very 
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Fig. 24. ‘‘False” labor pains induced in a primipara at term, by the admin- 
istration of 1o grains of quinine sulphate orally. Quinine had been given 20 
minutes before starting tracing. Patient was delivered after a period of com- 
plete cessation of contractions about 72 hours later. 


often. Although the effect of quinine upon the 
uterus, in labor, is said to be one of stimula- 
tion, it is well known clinically that it actually 
fails in many instances. However, this drug is 
excluded, for theoretical if not for practical 
reasons, in the conditions already mentioned. 

There is only a very little contrast between 
the tracings taken where quinine was in- 
cluded and where it was excluded in the 
colonic instillations. 

Figure 19A illustrates the tracings recorded 
upon a primiparous patient for 35 minutes 
beginning 15 minutes after a colonic instilla- 
tion of ether without quinine. Very little if 
any marked difference can be seen in these 
tracings and those of Figure 19, taken over a 
period of 50 minutes before the analgesia was 
given. 

Avertin, tribromethanol, or avertin fluid, 
which has had a rather wide usage in Europe 
as a rectal anesthetic for surgical cases, has 
been recently used in the United States in 
weaker concentrations for obstetrical anal- 
gesia. All reports regarding its value are not 
equally enthusiastic but most of the writers 
agree that close watch must be kept for evi- 
dence of respiratory depression and lowered 
blood pressure. 

Deaths due to this drug have been reported 
in the literature, but Naujoks believes that 
not all of them were due to the drug itself but 
rather to excessive doses or faulty technique. 
The important thing, however, is that deaths 
have followed its use. 

Avertin does produce anesthesia, and in 
smaller doses, analgesia, but as Barlow et al., 
of Western Reserve University, have pointed 
out in their experimental study of the prepara- 
tion, in rats, the duration of the maximal 
action is quite limited. It is, therefore, best 
given in general surgery as a preliminary to a 


fortifying general or local anesthesia; and 
given in obstetrics, in concentrations not so 
great, as an analgesia at the end of the first 
stage, with a general anesthetic for delivery. 
I have found that avertin given by rectum 
in the proportion of 60 milligrams per kilo- 
gram of body weight—the recommended con- 
centration for obstetrical analgesia—has no 
marked influence upon the contractions of the 
uterus other than to prolong greatly the in- 
tervals between them for about 45 minutes 
after the administration. During this period, 
the patient is usually very quiet and sleeps, 
but very frequent observations are made of 
her blood pressure and respiratory rate during 
the first 25 to 30 minutes of this period of 
rest. When the effect of the medication begins 
to wear off at the end of 45 to 50 minutes 
following its administration, the uterine con- 
tractions resume their former frequency and 
painfulness, and the patient becomes restless, 
occasionally unmanageable. Inhalation anal- 
gesia is invariably resorted to in order that 
the patient may be kept comfortable. 
Although this preparation does produce 
satisfactory analgesia thereseems to be nothing 
to recommend its use when compared with the 
rectal instillations of ether-oil mixtures for 
the same purpose. As a matter of fact, com- 
parison highly recommends the latter. Avertin 
when given in a comparatively harmless dose 
gives a period of analgesia and rest which at 
its best does not extend over 45 to 50 minutes, 
whereas the Gwathmey mixtures produce a 
period of rest and relaxation free from pain 
for an hour as an average and a subsequent 
period of from 30 minutes to an hour of com- 
fort. Uterine contractions are interfered with 
to a less degree by colonic ether-oil instilla- 
tions and it is unnecessary to take special 
precautions for the safety of the patient’s 
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Fig. 25. The possible effect of the administration of quinine sulphate upon the labor of a 
primiparous patient. Some increase in frequency and intensity of the contractions is noted 
15 minutes after the drug was given, which action may have been due to the drug. A, Cervix 
three fingers dilated, patient had had no analgesia or anesthesia; B, contractions very painful; 
C, quinine sulphate, 10 grains; D, patient restless; E, patient very uncomfortable. 


general condition. Avertin should only be 
given when ample assistance is available in 
case untoward reactions occur, and equip- 
ment for carbon-dioxide-oxygen administra- 
tion should be at hand. A patient can not be 
left in the care of any one other than an 
anesthetist or very well trained nurse 
assistant after the administration of avertin, 
but a student nurse can easily be trusted with 
the welfare of a patient after colonic ether-oil. 

An examination of Figures 20 and 20A will 
reveal a prolongation of the intervals between 
the contractions after the instillation of 
avertin, as compared with those before the 
drug was given. 

Sodium amytal. Doctor Bill suggested the 
oral administration of sodium iso-amyl-ethy] 
barbiturate, or “sodium amytal Lilly,” in 3 
grain units, for multiparous patients, at the 
Cleveland Maternity Hospital, about 2 years 
ago. The analgesia and amnesia which this 
drug produced during the first stage of labor 
in doses from 9 to 15 grains was most gratify- 
ing and its use is now a regular part of the 
analgesia routine for multipare. Combined 
with colonic instillations of ether-oil, patients 
are very satisfactorily carried through the 
greater part of the first stage of labor. With 
inhalation anesthesia for delivery, childbirth 
and confinement becomes practically painless 
for the multipara to whom one might hesitate 
to give morphine hypodermically because of 
the uncertainty of the time of delivery with 
consequent respiratory depression of the baby. 

Soon after she is admitted, the multiparous 
patient is given g grains of the drug by 
mouth, and within 15 to 20 minutes the pa- 
tient is usually sound asleep and may not even 


stir during contractions. The average patient 
rests from 11% to 2% hours with this dose, and 
when sleep becomes light a subsequent dose 
of 3 to 6 grains may be given without hesi- 
tancy. Whenever it is considered desirable, 
ether-oil is given by rectum, and there are 
no contra-indications to the combination of 
these two preparations except those local con- 
ditions of the descending colon and rectum 
which preclude the ether-oil. 

There has never been any apparent danger 
to the baby from sodium amytal, but very 
occasionally a patient has become excited 
rather than tranquil from its use. In the 
latter cases, ether-oil by rectum (which may 
be repeated in 3 to 4 hours) usually suffices to 
quiet the patient. 

Sodium amytal has absolutely no depressing 
effect upon the contracting uterus in labor, 
nor does it have any tendency to interfere 
with complete relaxation of the uterine mus- 
culature in the intervals between contrac- 
tions. On the other hand, the drug seems to 
cause a very desirable relaxation of the lower 
uterine segment. Dilatation of the os is, 
therefore, often more rapid than would 
ordinarily be expected, and for this reason the 
contractions often become more intense—but 
not painful—under the influence of this 
hypnotic. 

The series of tracings in Figures 21, 21A, 
and 21B are most interesting. In the first is 
represented the regular painful contractions 
of the first stage of labor in a secundipara, 
who had had no medicaments for the relief of 
her suffering. At point C in Figure 21A, 12 
grains of sodium amytal were given by mouth. 
Despite the fact that the contractions became 
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more intense, the patient was soundly sleeping 
in less than 20 minutes, moving about some- 
what but not complaining during the con- 
tractions. One hour and forty-five minutes 
later (Fig. 21B) the patient was still asleep 
between contractions and stirred only during 
them. There was still no evidence of suffering 
2 hours and 20 minutes after the drug had 
been given, when the tracings were discon- 
tinued. It is most apparent that labor con- 
tinued uninterruptedly. 

Pituitary extract. In 1927, when Bourne 
and Burn (4) were investigating the dosage 
and action of pituitary extract before delivery, 
they found that in nearly half of the primip- 
arous labors which they studied by internal 
hysterography, the uteri became tonically 
contracted after the injection of two units of 
pituitary extract, and the increased tonicity 
persisted from 10 to 30 minutes. 

Rucker (28), in 1925, came to the same con- 
clusion regarding the action of pituitary 
extract, referring to the incomplete relaxation 
of the uterus as an “incomplete tetany” and 
demonstrated tracings which were made by 
this method of hysterography to substantiate 
his opinion. 

My findings, recorded by external hyster- 
ography, concur entirely with those of these 
investigators. Although the intensity and 
frequency of the contractions were definitely 
increased and labor progressed in those cases 
in which the cervix was dilated from 7.5 to 
8 centimeters, the degree of relaxation be- 
tween contractions was not complete after 
the injection of 2 to 3 minims of pituitary 
extract, hypodermically. The period of this 
increased tonicity averaged about 25 minutes. 

With doses as small as those which were 
used in this study it is not very possible to do 
a great deal of harm, especially when ether 
was easily available for administration if it 
were necessary to retard or subdue tempes- 
tuous contractions. However, it is at once 
most evident that terrific damage might be 
done if larger doses were injected—(and the 
literature of the past 16 or 17 years is full of 
reports of fatal and disastrous results) while 
the fetus remained in utero. 

Pituitary extract is a powerful, quickly 
acting, and tenacious oxytoxic, and although 


it is of value in isolated instances of uterine 
inertia during the first or second stage, when 
administered at intervals of 1 or 2 hours in 
small doses of 1 or 2 minims by a competent 
and well trained obstetric surgeon, it is a 
terrible and dangerous drug when given with- 
out regard for its potency or dosage, or mater- 
nal and fetal tissues, merely to hasten delivery. 
Because of the very properties of the drug 
which contra-indicate its usage almost in- 
variably in first and second stage labor, it is 
an invaluable addition to the obstetrician’s 
armamentarium during and after the third 
stage. 

Arrow a in Figure 22, points to the base line 
assumed during the intervals between uterine 
contractions, in a secundiparous patient, after 
the injection of 3 minims of pituitary extract 
as compared with the original base line before 
the injection, indicated by arrow }. At the 
end of 23 minutes, in this tracing the uterus 
was still in a state of “incomplete tetany”’ 
with no indication that it would soon relax. 

With these findings in mind, too much stress 
can not be laid upon the tragic dangers of 
pituitary extract inadvisedly used; and even 
in this year of 1932 a word of caution is not 
amiss. 

Thymophysin. With complete regard and 
respect for the report of the Council on Phar- 
macy and Chemistry of the American Medical 
Association which has investigated thymophy- 
sin through the research study conducted by 
Dr. Erwin E. Nelson, of the University of 
Michigan, the author presents his findings. 

The data concerning the exact nature of the 
preparation was not known at the time these 
studies were begun, until Nelson’s report 
appeared, but clinical and hysterographic 
experience with the substance was practically 
identic:' with that of pituitary extract. 

Nelson concludes that when thymophysin (a 
mixture of extracts of pituitary and thymus) 
and equivalent doses of pituitary extract were 
compared upon excised uteri or on the blood 
pressure, no differences in action could be 
demonstrated. 

Rucker (30) investigated the action of this 
mixture upon the pregnant human uterus in 
situ and found that in doses of from 0.5 to 
1 cubic centimeter it caused tetanic contrac- 
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tions similar to the action of pituitary ex- 
tract, and vigorously condemned it. 

Three studies which I made gave recorded 
tracings very similar to those seen during the 
investigation of pituitary extracts—an_ in- 
crease in frequency and intensity of the con- 
tractions with a lessened degree of relaxation 


between contractions. Figure 23 is typical 
after the injection of 0.5 cubic centimeter. 

If an oxytoxic with the properties of 
pituitary extract is desired, let pituitary 
extract be used. Pituitary extract is stand- 
ardized, its dangers in first and second stage 
labor are widely known, and its virtues in 
third stage labor are recognized. Thymo- 
physin is an unstandardized preparation of 
varying potency extended to the medical 
public with glowing promises for its ability to 
shorten labor safely—and already a case of 
rupture of the uterus has been reported follow- 
ing its administration. 

Quinine. Sollman says that quinine stimu- 
lates the contractions and increases the tone 
of the excised uterus. De Lee (9) gives the 
percentage as 30 of all cases of women at or 
near term who begin to have labor contrac- 
tions after the administration of quinine and 
says that, during labor, quinine occasionally 
may aid the weak contractions of an uterine 
inertia. 

Yet it is known clinically that very often 
quinine has no apparent effect, even when 
given in repeated doses, and that it may, on 
the other hand, cause fairly severe increase in 
tone and intensity of the contractions. Its 
effect in 10 grain doses, by rectum, has been 
considered under the discussion of rectal 
analgesia. 

We tried quinine in 1o grain doses in 3 
patients at term who had had no labor con- 
tractions. In two of these instances there 
was no stimulation of contractions but, in 
the third, feeble pains occurred which lasted 
for about 45 minutes and then subsided com- 
pletely for 72 hours, when labor started spon- 
taneously (Fig. 24). 

Figure 25 represents a typical patient in 
established labor who was given to grains of 
quinine. A slight increase in the force of the 
contractions seems to have followed, but with 
no appreciable effect on the course of labor. 
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It appears from these few observations, and 
the observations of others in the clinical- 
experimental use of quinine in labor, that the 
powerful effect of quinine upon the excised 
uterine muscle suspended in a bath is a very 
unsatisfactory guide to its effect upon the 
parturient human uterus and that its value in 
parturition has been overstressed. 


SUMMARY 


1. A review of the history of methods 
which have been hitherto used for the purpose 
of studying the contractions of the human 
uterus during labor has been made and 
presented. 

2. An original method for external hyster- 
ography has been devised and described, 
whereby tracings of the contractions of the 
human uterus in labor may be easily and con- 
veniently made during the phase of the first 
or second stages of labor. This method is 
entirely harmless so far as the patient or 
fetus is concerned, and can be satisfactorily 
applied and used without aid. 

3. Tracings have been exhibited, demon- 
strating the normal first and second stages 
of labor and their characteristics have been 
pointed out. 

4. The reactions of the uterus during labor 
and at term to some twelve drugs have been 
studied graphically to correlate previous 
clinical impressions with experimental evi- 
dence. 

5. Ether depresses the contractions of the 
uterus in direct proportion to the depth to 
which it is administered, and when given as an 
analgesic in a semi-closed mask in dram doses 
it relieves pain but does not retard the 
progress of labor. 

6. Nitrous-oxide-oxygen gas when given 
either as an analgesic or anwsthetic has no 
depressant effect upon the contracting uterus. 
When given to the degree of surgical anws- 
thesia it may cause an incomplete relaxation 
of the uterus between contractions, with the 
consequent possible danger of excess pressure 
upon the fetus. 

7. Novocain, given intraspinally in the 
form of spinocain causes complete anwsthesia 
for about 2 hours, with a short period of de- 
pression upon the uterine contractions. This 
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drug induces an increased tonicity of the 
uterine tissues. 

8. The action of morphine sulphate in 
labor is almost always to give temporary 
relief from suffering, but the effect upon the 
contractions of the uterus in established labor 
is not marked. Occasionally it may depress 
the contractions for a short time, but it 
retards labor an unappreciable amount. 

9g. When scopolamine is combined with 
morphine the effect upon the uterus is 
practically the same as with morphine alone. 
This combination, when given as described, 
makes an excellent analgesia for primiparous 
patients, with no ill effect to the mother or to 
the fetus. 

10. The colonic instillation of ether, with 
and without quinine, has practically the 
same effect—to give excellent analgesia with 
a very slight depression of the contractions of 
the uterus. 

11. Avertin, or tribromethanol, given rec- 
tally in the dose of 60 milligrams per kilogram 
of body weight as an analgesic, is unsatis- 
factory and has no virtues which recommend 
its use in the dosage mentioned. It does not 
depress the contractions of the uterus but pro- 
longs the intervals between them; on the other 
hand, the analgesia does not last sufficiently 
long to warrant the special care and concern 
which all patients who have received the drug 
must get. Many patients become unmanage- 
able when the effect of the drug becomes light. 
Colonic ether is by far a more superior 
analgesic for rectal administration. 

12. Sodium amytal (sodium iso-amyl-ethy] 
barbiturate) is an excellent analgesic for oral 
administration especially in multiparous pa- 
tients and when combined with rectal ether- 
oil instillations gives a practically painless 
confinement and childbirth. It does not re- 
tard labor at all in spite of the fact that with 
from 6 to 12 grains of the drug patients may 
rest or even sleep from 1 to 3 hours with no 
discomfort. Its value can not be estimated 
too highly, and there is no evidence which 
points to any harmful effect upon mother or 
child. 

13. Thymophysin, an extract of thymus 
and pituitary, has been considered an un- 
standardized and unsafe preparation by the 


American Medical Association and its use to 
shorten labor has been condemned. Its action 
is identical with diluted extracts of pituitary 
and should be entirely avoided. When a 
powerful oxytoxic is desired, a standardized 
and known preparation of pituitary gland 
should be used. 

14. Pituitary extract given hypodermically 
in doses of 2 to 3 minims stimulates the con- 
tractions of the uterus in force and frequency 
but it also causes an incomplete relaxation 
between contractions —an incomplete tetany 

‘for a period of 20 to 30 minutes. The drug 
is dangerous when given inadvisedly during 
the first or second stage of labor. 

15. The action of quinine is undependable 
in labor and late pregnancy but in some cases 
it has an oxytoxic effect. 
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HEPATO-LIENOGRAPHY WITH THOROTRAST 


RICHARD 


LEWISOHN, M.D., F.A.C.S., NEw York 


From the Surgical Service of Mt. Sinai Hospital 


HE satisfactory roentgenological dem- 

onstration of liver and spleen is still an 

unsolved problem. Though the outline 
of spleen and liver can sometimes be seen on 
flat X-ray plates or with the aid of a pneumo- 
peritoneum, no details of structure, either 
normal or pathological, can be visualized on 
the films. 

Radt':? and Oka* have recently advised the 
intravenous injection of thorium prepara- 
tions to demonstrate roentgenographically 
pathological changes in these organs. They 
found that upon intravenous injections cer- 
tain colloidal substances are deposited as fine 
granule in the reticulo-endothelial system of 
the spleen and in the Kupffer cells of the liver. 
Radt used a thorium-dioxyd solution which is 
called thorotrast. Thorotrast is prepared by 
the Heyden Chemical Company in ampuls of 
12 cubic centimeters. They have recently 
made larger ampuls of 25 cubic centimeters 
each. Thorotrast is injected intravenously on 
3 or 4 successive days. The patient is roent- 
genographed on the fourth or fifth day. 

The injections are not followed by any 
immediate ill effect. No rise of temperature, 
chill, or vomiting were observed in any of the 
cases. It is possible, however, that thorotrast 
may cause harmful late effects, as the major 
part of the injected substance seems to remain 
in the liver and spleen more or less _per- 
manently. 

Before reviewing the clinical results in 6 
cases in which thorotrast was used I would 
like to report on some animal experiments 
which were performed on rabbits. 

Animal 828. Weight 2800 grams. April 1, 1931, 
3.2 cubic centimeters of thorotrast was injected into 
an ear vein. Roentgenogram made April 2 showed 
both liver and spleen moderately well outlined 
(Fig. 1). Another roentgenogram, taken on April 4, 
showed practically identical findings (Fig. 2). 

In order to test the maximal toxic dose another 
dose (5 cubic centimeters) was given to this animal 
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, 192g, Vili, 2128. 
Radt. Med. Klin., 1930, No 
‘Oka. Fortschr. Geb. Roentgenstrahlen, vols. xl and xli 


on April 6. 
night. 

Microscopic examination (Dr. Klemperer): There 
is noted in the spleen (Figs. 3 and 4) a very con- 
spicuous increase of histiocytes which contain 
brown granules. The granules are apparently 
also stored in the syncytium, but are absent from 
the sinus endothelium. The stored histiocytes quite 
frequently show nuclear damage. The lymph nodes 
show a storage of brown granules in the sinus 
endothelium and reticulum. In the liver, the Kupffer 
cells contain the granules. The liver cells present 
dark granules which differ in appearance from the 
colloidal granules. 

Conclusions. It cannot be denied that the reticulo- 
endothelial system shows not only the expected 
storage of the colloidal material, but also changes of 
degenerative nature indicated by the nuclear 
damage. These changes may possibly be due to a 
toxic dose. 

Animal 970. Weight 2600 grams. April 1, 1931, 
3 cubic centimeters of thorotrast was injected into 
an ear vein. X-ray pictures taken on April 2 and 
April 4 showed only a dim outline of the liver (Fig. 
5). The spleen was not visible. 

Microscopic findings in the liver and spleen were 
about identical with those in animal 828. However, 
the storage in the reticulum was less conspicuous. 
The lymph nodes were not examined in this case. 

Animal 167. Weight 2100 grams. April 4, 4.7 
cubic centimeters of thorotrast was injected into 
an ear vein. An X-ray picture, taken on April 6, 
showed a very dense shadow of liver and spleen 
with an excellent outline of both organs (Fig. 6). 
The animal died on April 22. 

Microscopic examination: The intersinusoidal 
reticulum is crowded with very large phagocytic 
cells filled with the colloidal material. Nuclear 
damage is not conspicuous. The sinus endothelial 
cells do not participate in the storage to any remark- 
able extent. 

Animal 195. Weight 1900 grams. April 4, 1931, 
4 cubic centimeters of thorotrast was injected into 
an ear vein. An X-ray picture taken on April 6 
demonstrates the spleen very clearly (Fig. 7). The 
liver is not clearly demonstrated. The animal died 
on April 30. 

Microscopic examination: The amount of storing 
cells is still great. However, one sees between the 
nest of macrophages individual elements which 
contain either a very small amount of finely granular 
brown material or none at all, apparently reticulum 
without phagocytosis (Fig. 8). 


The rabbit died during the following 


Conclusions from the microscopic findings in 
4 rabbits injected with thorotrast. At the peak 





vu 


nm t VE 


ween eC YS SS OS CU 


ers = oe 








LEWISOHN: HEPATO-LIENOGRAPHY WITH THOROTRAST 69 





Fig. 1, left. Rabbit 828. 


Fig. 2. 


of the injection there is damage to the over- 
loaded reticulo-endothelial system which 
seems to become repaired in the later periods. 

It may be of interest to point out that two 
animals (167 and 195) died 18 and 26 days, 
respectively, after the injection of thorotrast. 
The amount of thorotrast that these two 
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Fig. 3. 
from same animal as shown in Figure 1. 


Low power photomicrograph of section of spleen 


Liver and spleen fairly well outlined. 
Same animal, 2 days later. 


animals received was reported as a non-toxic 
dose by Radt. It is possible that the deaths 
were due to a late harmful effect of thorotrast 
on liver or spleen or both organs. 

Thorotrast has been used in 6 cases on the 
wards of Mount Sinai Hospital. This group 
of patients had a large liver or spleen or 





Fig. 4. High power photomicrograph of section of 


spleen from same animal as shown in Figure 1. 








Fig. 5. Rabbit 970. Dim out Fig. 6. 


line of liver. 


enlargement of both organs, as demonstrated 
by palpation. A brief abstract of the histories 
is given herewith: 

CASE 1. 325604. R. W., female, aged 52 years, 
was admitted May 5, 1931, discharged May 17, 1931. 
Diagnosis: carcinoma of the stomach with metas- 
tasis in the liver. In the right upper quadrant 
extending almost to the level of the umbilicus there 
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Rabbit 167. Liver lig. 7. 
and spleen clearly outlined. 





Rabbit 195. Spleen 
clearly outlined. 


was an irregular and nodular mass which was 
attached to the umbilicus. A coarser nodular infil- 
tration was present in the ligamentum teres. Test 
meal showed free hydrochloric acid 0, total acidity 
20. X-ray examination of stomach showed a 
carcinoma. Examination of the abdomen after 
intravenous injection of thorotrast showed the liver 
markedly enlarged, reaching down to the iliac crest. 
The lower half was obscured by intestinal shadows 
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Fig. 8. Low power photomicrograph of section of spleen 


from same animal as shown in Figure 7. 


Fig. 9. R. W. Roentgenogram show- 
ing spleen well outlined. 




















Fig. 10. L. F. Roentgenogram before injection of thoro 
trast. 


so that the possible presence of metastasis could not 
be determined. Spleen was well outlined (Fig. 9). 

CASE 2. 328217. L. F., male, aged 65 years, 
admitted July 17, 1931, discharged August 13, 1931. 
Diagnosis: carcinoma of cardia with liver metas- 
tasis. Palpation revealed a firm, nodular liver with 
an irregular edge about 5 fingers below the right 
costal arch. X-ray examination revealed a car 
cinoma at the cardiac end of the stomach (Fig. 10). 
Examination of the abdomen after intravenous 
injection of thorotrast showed the liver to be some- 
what enlarged. No definite abnormalities in the 
contour were noted. ‘The spleen was not well 
demonstrated (Fig. 11). 

A comparison of Figures 10 and tr shows that the 
liver shadow is just as well demonstrated on the 
flat plate as on the plate taken after the administra- 
tion of thorotrast. 

CASE 3. 324739. S. W., male, aged 4o years, 
admitted April 8, 1931, discharged May 9, 1031. 
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Fig. 11. L. F. Roentgenogram after injection of thoro 


trast 


Diagnosis: inoperable ileocwcal carcinoma with 
metastasis. Nodular mass in ileocecal region. The 
liver was just palpable. The spleen could be felt 2 


fingers below the costal margin. 

Examination of the abdomen after injection of 
thorotrast showed the liver and spleen to be fairly 
well outlined. The spleen was enlarged to a moder- 
ate extent (Fig. 12). Exploratory laparotomy (Dr. 
Aschner) showed an infiltrating lesion of the caecum 
with metastasis to the peritoneum and Douglas’ 
pouch. 

CASE 4. 329198. R. H., female, aged 55 years, 
was admitted August 17, 1931, discharged September 
20, 1931. Diagnosis: pernicious anaemia. August 
18, 7200 cubic centimeters of fluid was removed by 
paracentesis. A mass was felt in the right abdomen. 
(Differential diagnosis between kidney and liver.) 
X-ray examination after thorotrast injection showed 





Ss. W. R. 


Fig. 
showing liver fairly well outlined. 


12. Roentgenogram Fig. 13. 





showing elongated lobe of liver. 


Roentgenogram Fig. 14. VF. A. Roentgenogram 


showing enlarged liver (carcinoma). 





Fig. 15. Same patient as in Figure 14. Postmortem 


specimen of carcinoma of the liver. 


that this mass was due to an elongated liver reach- 
ing down to the crest of the ileum (Fig. 13). Patient 
improved on liver therapy. 

CASE 5. 329380. F. A., male, aged 61 years, was 
admitted August 24, 1931, died September 16, 1931. 
Diagnosis: carcinoma of the liver. Jaundice was 
present for about 1 month. A very large liver was 
palpable down to 5 fingers below the costal arch. 
The surface was smooth. X-ray examination after 
injection of thorotrast showed an enlargement of 
the liver. The shadow of the liver was dense, but 
failed to give structural details (Fig. 14). Patient 
died September 16. 

Postmortem examination showed an extensive 
primary carcinoma of the liver (Fig. 15). Micro- 
scopic examination of the liver showed a great 
number of phagocytes crowded with large granules 
(thorotrast) within the capillaries of the liver (Figs. 
16 and 17). 

In the spleen large macrophages with thorotrast 
granules were found within the reticulum as well as 
free within the lumen of the sinus. 
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Fig. 16. F. A. Microscopic section of liver, low power. 

It is of interest to compare Figures 14 and 15. In 
spite of the fact that the liver was filled with 
innumerable large and small carcinomatous nodules, 
the thorotrast film simply showed the outline of the 
liver without variation of shadows in the liver 
substance. 

CASE 6. 330104. A. S., male, aged 39 years, was 
admitted September 14, 1931, discharged October 
I1, 1931. Diagnosis: cholelithiasis, common duct 
obstruction (?). Icterus was present for about 4 
weeks. The liver was slightly enlarged. 

Five doses of thorotrast (12 cubic centimeters 
each) were given intravenously. Examination of 
the abdomen after the administration of thorotrast 
showed the liver and spleen to be distinctly out- 
lined. The liver was moderately enlarged in size, its 
lower border reaching about 4 centimeters above the 
crest of the ilium. The spleen was only slightly 
enlarged. There were no nodules or filling defects 
noted in either the spleen or the liver (Fig. 18). 
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power. 


F. A. Microscopic section of liver under high 





Fig. 18. A. S. Roentgenogram showing the liver and 
spleen distinctly outlined. 
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CONCLUSIONS 

1. The intravenous injection of thorotrast 
in the quantities mentioned has no immediate 
ill effect on the patient. 

2. It is impossible to state at present 
whether the more or less permanent storage 
of thorotrast in liver and spleen may not be 
injurious to the patient. 

3. Thorotrast gives an outline of either 
liver or spleen or both organs without finer 


o 


details of structural changes in these organs. 
Its aid in the clinical diagnosis of a patho- 
logical condition in the liver and spleen seems 
to be limited. 

4. Thorotrast cannot be compared in diag- 
nostic efficacy with uroselectan and similar 
drugs in kidney diseases or lipiodol in lung 
diseases. 

I beg to thank Dr. M. L. Sussman, assistant radiologist, 
for his kind co-operation. 
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ARTHRITIS TO OSTEOMYELITIS 


J. DEWEY BISGARD, M.D., Cuicaco 


From the Department of Surgery, Division 
y; 


YOGENIC exudative lesions of joints 

have been classified by Kaufman as 

primary and secondary arthritides with 
reference to the avenue of entrance of the 
infecting micro-organisms. Primary infections 
may occur as the result of trauma, such as 
communicating puncture wounds, or a blood 
borne infection without evidence of a primary 
focus. Secondary involvement occurs either 
by metastasis from a remote source with con- 
veyance through the blood stream and occa- 
sionally through lymphatic channels (Cotton), 
or by direct extension from an adjacent pyo- 
genic focus (most frequently osteomyelitis). 

That the primary lesions of acute hama- 
togenous osteomyelitis are most frequently 
localized in the diaphyseal extremities of long 
bones has been well established both clinically 
and experimentally. Postmortem examina- 
tions of patients dying within 48 hours after 
the onset of symptoms, such as those reported 
by Starr, repeatedly demonstrated this locali- 
zation. 

Working with rabbits, Bancroft and Rob- 
ertson obtained similar results and the latter 
reports the following observations: 

“1, Organisms introduced into the blood 
stream are deposited, among other places, in 
the long bones. 

‘2. In bone there is very active phagocyto- 
sis except in the metaphysis. 

“3. Trauma may determine a local infec- 
tion. 

‘4. Growing bones develop abscesses of the 
type of osteomyelitis within their metaphyses. 
Adult bones do so rarely. In the presence of a 
bacteriaemia adults may acquire an arthritis.”’ 

In explanation of this phenomenon Lexer 
outlined the circulatory architecture of long 
bones by the injection of radio-opaque solu- 
tions and he demonstrated at the juxta-epi- 
physeal region a relatively avascular area 
where clumps of micro-organisms which were 
filtered from the blood stream readily establish 
a focus. 





of Orthopedic Surgery, University of Chicago 


Much has been written relative to primary 
localization of suppurative processes in the 
epiphysis, primary suppurative epiphysitis. 
Uffreduzzi has expressed the opinion that this 
localization is the rule in infancy, while in 
childhood the diaphysis is the most frequent 
site of the original infection. From an exten- 
sive experience and careful study, Phemister 
(7) has concluded that primary suppurative 
epiphysitis rarely occurs. He has pointed out 
that if these cases are observed at the onset a 
primary metaphyseal lesion can almost invari- 
ably be demonstrated. In support of this con- 
tention and in exemplification of demonstrable 
direct extension to a joint, Case A is presented. 


Case A. E. S., No. 12716. (Fig. 1.) A girl, 3 
weeks of age and with a normal birth, presented no 
abnormality until the onset of fussiness, swelling, 
tenderness, and voluntary fixation of the right knee 
joint during her second week of life. Examination 
showed a febrile child with no regional changes 
except for a spindle shaped, tender swelling of the 
lower end of the thigh and a fluctuant right knee 
joint with redness of the skin. On admission to the 
hospital the temperature was 102.8 degrees by rec- 
tum and the baby was not acutely ill. The blood 
Wassermann and Kahn, the tuberculin, and urine 
tests were reported to be negative. The X-ray 
examination on admission showed an area of rarefac- 
tion (destruction) in the diaphysis of the lower end 
of the right femur. Subsequent pictures 2 months 
later demonstrated a progression of the process with 
destruction of a large portion of the epiphysis. The 
knee joint was aspirated and a few days later incised 
and drained; the aspirated pus contained staphylo- 
coccus aureus in smear and culture. At 7 weeks of 
age the right shoulder joint became involved with a 
repetition of the course followed by the right knee 
joint. 


Since the primary lesion usually finds its 
origin in the metaphyses, direct extension to, 
or perforation and drainage into, the adjacent 
joint occurs in a fair number of cases. After 
a very comprehensive clinical study of joint 
complications in hematogenous osteomyelitis, 
Wilensky (14) pictures ‘fixation points” oc- 
curring in the diaphyses with secondary path- 
ological progression to joints. He describes: 














(1) extension along lymphatic channels; (2) 
erosion from “fixation points” in the epiph- 
yses; (3) formation of a sinus leading into 
a joint by destruction of cortical and cancel- 
lous bone; (4) perforation of a subperiosteal 
abscess into the joint; and (5) simultaneous 
involvement of both bone and joint by the 
formation of more than one ‘fixation point.” 

Among other factors, such as an advancing 
thrombophlebitis, this extension to joints is 
influenced by variance in certain anatomical 
structures. It is determined to some extent 
not only by the attachments of the articular 
capsule, as pointed out by Reich, but also by 
the reflexions of the synovia, occurring most 
frequently from bones with complete or par- 
tial intracapsular epiphyseal lines. For this 
reason osteomyelitis of the neck of the femur 
almost invariably involves the hip joint and 
frequently infection extends to the knee from 
the distal extremity of the femur, to the ankle 
from the lower end of the tibia, and to the 
elbow from the distal portion of the shaft of 
the humerus. The importance of the epi- 
physeal cartilage as a barrier to the spread of 
bone infection to the adjacent joint is well 
illustrated by the early and almost universal 
involvement of joints from bones in which 
this barrier is lacking. In point, suppurative 
arthritis is an almost constant complication of 
osteomyelitis of the small bones of the wrist 
and ankle. For the same reason such lateral 
articulations as exist between the upper ends 
of the radius and ulna and the lower ends of 
the tibia and fibula (with articular extensions 
above the level of the corresponding epiphys- 
eal lines) become infected by extension from 
a process in the end of one of the respective 
shafts. These facts are well illustrated in the 
case analyses which are being presented subse- 
quently. 

Theoretically, it is possible for a small 
metaphyseal infection to extend and drain 
into a joint within a short time after its incep- 
tion and heal promptly without producing 
bone destruction or leaving X-ray evidence of 
the primary focus in the diaphysis. It is con- 
ceivable that this may be the explanation of 
some cases of supposedly primary acute pyo- 
genic arthritis. These cases might be classified 
as abortive osteomyelitis. 
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Fig. 1, left. Case A. Note primary localization of infec 
tion in the diaphysis of the femur at the onset of osteo 
myelitis in an infant 4 weeks of age 

Fig. rA. Case A. The end-result 1 year and 4 months 
after onset. X-ray evidence of destruction in the medial 
half of the epiphysis was observed 14 days after the onset. 


There is an abundance of indirect evidence 
that a chronic osteomyelitic process which has 
originally resulted from. an acute hematoge- 
nous infection may become a focus in itself for 
the dissemination of bacterial emboli to pro 
duce remote bone or joint inflammatory proc- 
esses. Occasionally, as pointed out by Wilen 
sky (15), an old relatively quiescent lesion has 
been observed suddenly to show increased 
activity, as evidenced by a recurrence of pain 
and an increase in drainage, then a slight rise 
in temperature and a few hours or days later 
the appearance of involvement of another 
bone or remote joint. Presumably a local 
activation takes place with thrombophlebitis 
and resultant bacterial metastases. This ob 
servation was made in Case 1. 

Whether in these cases the infecting micro 
organisms are ever deposited directly in the 
synovia of the joint by the blood stream, or 
are always primarily deposited in the diaphy 
sis from whence they are aborted into the 
joint, is an interesting speculation. It is most 
probable that both processes occur. In Beek 
man’s (3) experience, staphylococcus synovial 
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Fig. 2, left. Case r. 


infections seldom proved to be metastatic. 
Almost invariably he was able eventually to 
demonstrate X-ray evidence of a primary 
lesion in the diaphysis. In accord with this, 
Wilensky (16) states that a bone lesion is 
always to be assumed in_ staphylococcus 
arthritis but that streptococcus or pneumo- 
coccus joint infections are as a rule unasso- 
ciated with bone lesions. 

In a review of 217 cases of acute and chronic 
osteomyelitis studied at the University of 
Chicago Clinics over a period of 4% vears, 9 
cases presented evidence in their histories and 
physical and late X-ray examinations of pyo- 
genic arthritis without evidence of osteomyeli- 
tis in the adjacent diaphyses, that is, 4.1 per 
cent. Of the 9 cases, 4 presented joint involve- 
ments which may have had their inception 
with the original blood stream invasion and 
accompanying showers of bacterial emboli; 
and 5 developed late in the course of the dis- 
ease presumably from secondary metastases 
from osteomyelitic foci. The joints involved 
were the temporomandibular in 3 cases, the 
hip, knee, and elbow, each in 2 cases. These 
reports, based upon observations made during 
the end-result stage of pyogenic arthritis, 
afford no statistical bacteriological data, but 


Minimal destructive joint changes with no involvement of adjacent diaphyses; 
old lesion of the shaft of the fibula. Staphylococcus pus aspirated from this joint. 
Fig. 3. Case 2. The joint changes in the right knee are no doubt the result of direct extension from 


the extensively diseased tibia; those of the left knee joint probably are metastatic. 


staphylococci were cultured from other foci in 
bone in 7 of the 9 cases. 

Forty-two cases (19.3 per cent) presented 
evidence of pyogenic arthritis by direct exten- 
sion with involvement of 53 joints. Extension 
occurred from the femur in 23 cases, the tibia 
in 16, the ilium in 8, the humerus in 3, the 
tarsal bones in 2, and the carpal bones in 1 
case. The joints involved with respect to the 
bones from which extension occurred are as 
follows: 


Instances 

Knee (19 cases, 36 per cent): 

Distal end of femur 13 

Proximal tibia... . 6 
Hip (14 cases, 26.4 per cent): 

Proximal femur 10 

Llium ; 4 
Ankle (12 cases, 22.6 per cent): 

Distal tibia 10 

Tarsal bones 2 
Sacro-iliac (4 cases, 7.5 per cent)—ilium 4 
Shoulder (2 cases, 3.8 per cent)—humerus. 2 
Elbow (1 case, 1.9 per cent)—-humerus I 
Wrist (1 case, 1.9 per cent)—carpal bones. . I 


(Of the entire series of 217 cases of osteomyelitis, the 
tarsal bones were involved in two instances, the carpals in 
only one. However, in all three cases the infection extended 
to the adjacent joints.) 


Three cases presented joints involved both 
by direct extension and metastasis. In g cases 
of the entire series there was record or a 
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definite history of the institution of surgical 
drainage of the joints. Three were drained by 
repeated aspirations with return of a complete 
range of motion, and, of the 6 treated by open 
drainage, 3 subsequently became ankylosed, 1 
developed a full range of motion, and 2 
regained about 50 per cent of normal function. 

A comparison of the end-results in these 
two groups of cases tabulated later indicates 
that ankylosis results more frequently in the 
joints involved by direct extension than those 
involved presumably by metastasis. 


Infection by 
Direct extension Metastasis 


Cases Percent Cases Per cent 

Ankylosis 34 65.3 4 44.5 

Limited motion. 12 22.6 2 23.2 

Full range motion 7 13.2 3 33.3 
Total joints... 53 9 


CASE REPORTS 

(Illustrative of metastatic hamatogenous 

pyogenic arthritis) 

CasE 1. R. W., male, aged 7 years (Fig. 2), 
admitted in September, 1929, with a history of good 
health until the onset of the present illness in April, 
1929. Three days following injury, the right heel 
became severely painful and the boy became deliri- 
ous, with a temperature of 106 degrees F. Two days 
later an abscess appeared on the medial side of the 
right heel, and the patient was taken to a hospital 
where drainage was established. In the course of 
the following month, abscesses appeared in the left 
arm and the left leg. The patient was then taken 
home, but returned to a hospital 3 months later with 
swelling and pain in the left knee joint. This was 
aspirated and irrigated, with a prompt recovery. A 
transcript of the hospital record showed that the 
aspirated pus contained staphylococcus aureus in 
smear and culture. 

April 25, 1931, the patient complained of pain in 
the right heel and the discharge from the sinus 
greatly increased and was slightly blood tinged. 
Three days later the left knee swelled and became 
somewhat painful. The swelling promptly subsided 
with very little further impairment of function. 
Examination at the present time shows a discharging 
sinus on the medial aspect of the right heel, scars on 
the lateral side of the lower third of the left humerus 
and the middle half of the outer surface of the left 
leg. There is slight limitation of motion in both the 
right elbow and left knee joints. Wassermann and 
Kahn examinations of both patient’s and mother’s 
blood were negative. Tuberculin (1:100) was neg- 
ative. The X-ray films showed osteomyelitis of the 
right os calcis and the mid-shaft of the left fibula, 
and a destructive arthritis of the left knee joint. 

CasE 2. E. K., male, 4 years of age (Fig. 3). The 
patient was perfectly well until 2 years of age, when 
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Fig. 4. Case 3. Note destructive arthritis of the left hip 
joint with erosion at the points of greatest contact and 
pressure; also pathological dislocation of the right femur 
and osteomyelitis of the wing of the right ileum. 


he was picked up from the sidewalk apparently 
delirious, with a fever and pain. Two days later the 
left leg swelled and the patient was taken to a hos- 
pital. The subsequent history was compatible with 
acute osteomyelitis involving several bones. Exami 
nation at the present time shows multiple scars of 
old sinuses over the left clavicle, right lumbar region, 
left fibula, right tibia, and distal right humerus. The 
right leg is 1% inches longer than the left, and there 
is some limitation of motion in both knee joints. 
The Wassermann, Kahn, and tuberculin tests were 
negative. The radiograms showed areas of osteo- 
sclerosis of the left clavicle, both iliac ale, distal 
shaft of the right humerus, upper three-fourths of 
the right tibia, and middle third of the left fibula, 
and a destructive arthritis of both knee joints. 

This case demonstrates multiple but pre- 
sumably healed foci of osteomyelitis with in- 
volvement of two joints. The right knee dis- 
plays extension from the adjacent diaphysis 
of the tibia, while the arthritic changes in the 
left knee joint appear to be the result of a 
hematogenous infection, for there is no evi- 
dence of a pre-existing osteomyelitis in the 
adjacent tibial and femoral diaphyses. 

Case 3. F. S., No. 22095, male, aged 11 years 
(Fig. 4), admitted to the hospital April 24, 1930, 
gave a history of very good health until the onset 
of the present illness in August, 1929. On the day 


SURGERY, GYNECOLOGY AND OBSTETRICS 








Case 4. 


Fig. 5. 
of the right temporomandibular joint. Its outlines can scarcely be made out. 


following an injury received while swimming he sud- 
denly developed a chill, severe pain in the right hand 
and left leg and foot. Swelling and redness of the 
leg rapidly followed, and 10 days later both hips 
became painful. Three months after the onset, 
spontaneous drainage of thick, yellow pus occurred 
over the left great toe, and a few weeks later the 
same occurred in the left leg. There was a history 
of frequent attacks of tonsillitis. On April 26, 1930, 
partial ostectomies of the lower third of the left tibia 
and interphalangeal joint of the left great toe were 
done. The pathological report was pyogenic osteo- 
myelitis and the cultures yielded staphylococcus 
aureus. The Wassermann, Kahn, tuberculin, and 
urine tests were negative. 

The present physical examination shows a dis- 
charging sinus of the medial aspect of the lower 
third of the left leg, and scars on the dorsum of the 
great toe and lower third of the right humerus. The 
left ankle is ankylosed with 15 degrees’ plantar 
flexion, the right leg in 45 degrees’ abduction and 50 
degrees’ external rotation. The X-ray films show 
osteomyelitis of the ala of the right ilium and the 
lower third of the left tibia, with bony ankylosis of 
the adjacent tibio-astragaloid joint, and osteo- 
arthritis of the left knee, left shoulder, and both hip 
joints. The head of the right femur is dislocated 
upward with erosion of the acetabulum and femoral 
head. 


Of special interest in this case are the X-ray 
evidences of bone destruction of the femoral 
head and the rim of the acetabulum at the 
points of greatest contact and pressure in the 
joint (Phemister, 16). 

CASE 4. 


R. J., No. 26877 (Fig. 5), a white male 
aged 18 years, admitted August 10, 1930, gave a 
history of an injury over the right tibia 314 years 
before admission, followed by a painful swelling and 
2 months later spontaneous drainage. Then swelling 
and likewise spontaneous drainage occurred at the 


(Illustrative of Cases 5 and 6.) 


Note obliteration of the joint space 


left elbow, left middle finger, and over the left 
scapula. All foci promptly healed with the exception 
of that in the tibia. He had pain in the right tem- 
poromandibular joint during the acute illness and 
about 6 months later noticed a gradual progressive 
blocking of his jaw, with pain and swelling. 

The physical examination was negative except for 
scars over the sites noted and a spindle shaped 
enlargement of the right tibia with a long suppurat- 
ing sinus and ankylosis of the right temporoman- 
dibular joint. The routine laboratory studies of the 
urine and blood, the Wassermann, Kahn, and tuber- 
culin tests were negative. The X-ray examination 
showed evidence of an old sclerosing osteomyelitis 
of the upper half of the right tibia, osteomyelitis 
with cavitation of the mid-shaft of the left humerus, 
and an ankylosing arthritis of the right temporo- 
mandibular joint with obliteration of the joint space. 

August 26, 1930, an arthroplasty was done on the 
right temporomandibular joint. Bone removed at 
subsequent operations on the right tibia and left 
humerus was reported to present the pathology of 
osteomyelitis, and staphylococcus aureus was shown 
in smear and culture. Eleven months after the ar- 
throplasty the mouth could be opened normally. 

Case 5. C. B., No. 61, a white male of 21 years, 
admitted October 5, 1927, gave a history of onset of 
osteomyelitis 6 years previously, with delirium, and 
involvement of the left femur, right tibia, left scap- 
ula, left and right metatarsus, left tibia, right 
ischium, right fibula, right ulna, and right humerus, 
in rapid succession. These foci were all drained and 
the staphylococcus aureus hemolyticus was cultured 
from them. Soon afterward pain and swelling devel- 
oped in front of both ears and both jaws gradually 
became ankylosed. Arthroplasties were done on both 
joints. During the first 3 years of this illness the boy 
had repeated small hemoptyses, and a diagnosis of 
pulmonary tuberculosis was made and verified by 
the presence of tubercle bacilli in the sputum. The 
blood Wassermann, Kahn, and urine tests were 
negative. 




















Case 8. Ankylosis of right hip joint with no 


The left hip obviously 


Fig. 6. 
involvement of adjacent bone. 
infected by extension from the head, neck, and shaft of the 
left femur. 


The patient was admitted to the hospital at this 
observation for a secondary arthroplasty of the left 
temporomandibular joint. The result was very 
satisfactory. 

Case 6. L. B., No. 17938, a white woman 33 years 
of age, admitted December 13, 1920, gave a history 
of osteomyelitis of the left tibia of 13 years’ duration, 
coming on with a stormy onset 2 days after a punc- 
ture wound of the left great toe. Early drainage had 
been established and two subsequent operations 
upon the left tibia had been performed. For 6 
months the patient had had pain in the left temporo- 
mandibular region, and difficulty in opening her 
mouth. 

Examination revealed healed scars over the medial 
and lateral aspects of the lower two-thirds of the left 
tibia, considerable limitation of motion in the left 
knee, and ankylosis in the left ankle joint. Some 
limitation of motion and marked tenderness of the 
left temporomandibular joint were noted. The X-ray 
studies indicated an osteomyelitis of most of the 
shaft of the left tibia with a sequestrum and fusion 
to the fibula, ankylosis of the left ankle joint, and 
changes in the left femoral condyle, with no definite 
bone changes in the left temporomandibular joint. 
The Wassermann, Kahn, urine, and blood studies 
were negative. 

Sequestrectomies of the left tibia were done De- 
cember 21, 1929, and November 26, 1930. Staphylo 
coccus aureus was found in smear and culture. 


Cases 4, 5, and 6 present an added interest 
as a series of ankylosing arthritis of the tem- 
poromandibular joint. All subsided without 
drainage. 

Case 7. R. C., No. 1553 (Fig. 5), a white boy of 
5’4 years, entered the hospital January 4, 1928, 
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Case 9. There is a definite arthritis. with some 


Fig. 7. 
limitation of motion; a bulbous enlargement of the prox 
imal extremity of the ulna. 


with a history of osteomyelitis of 2'4 years’ duration 
involving the left femur, the left tibia and ankle, the 
left humerus, the left ilium, and the right side of the 
skull. 

Examination showed healed scars over the left 
elbow joint, the right lateral occipital region, the 
left lower leg and ankle, and a discharging sinus over 
the left hip. Roentgenograms revealed multiple 
healed or healing osteomyelitic foci of the skeleton, 
with an active process in the right humerus and an 
arthritis of the left elbow. The blood Wassermann, 
Kahn, urine, and tuberculin tests were negative. 

Partial ostectomies were done on the right humer- 
us and left ilium December 2, 1928. Staphylococcus 
aureus was found in smear and culture, and bone 
sections were reported to be osteomyelitic. 

Case 8. R. M. H., No. 25661 (Fig. 6), a girl of 
10 years, admitted to the hospital August 25, 1930, 
reported good health until she suffered a puncture 
wound, 6 months before admission, in the right 
thigh, followed a few days later with a cellulitis and 
lymphangitis. This promptly healed and 2 weeks 
later she developed clinical evidence of a bacteri- 
emia, but had negative blood cultures. In the 
course of the next few weeks there developed a 
pleurisy, superficial abscesses, and osteomyelitic foci 
in the right first metatarsus, the upper one-third of 
the right tibia, the lower one-third of the right 
radius, the upper one-third of the right humerus, and 
the upper thirds of the left humerus and left tibia. 
All foci were drained apparently by simple incision 
of the overlying soft tissues. Five months after the 
onset of the present illness and 2 weeks before 
admission, the right hip became painful and tender 
for the first time and was associated with fever and 
ill feeling. 

The examination revealed a granulating sinus at 
the base of the right great toe, and tender enlarge- 
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ments over the upper ends of both tibiz and both 
humeri, and the lower one-third of the right radius. 
The right hip was fixed in flexion with limitation of, 
and pain in, all motions; there was also tenderness 
over the greater trochanter. The laboratory studies, 
including blood Wassermann, urine, blood, and tu- 
berculin, were negative except for evidence of a 
moderate anemia. Roentgenology demonstrated 
osteomyelitis of both humeri, both tibiz, first right 
metatarsus, and the right radius, and a pyogenic 
arthritis of the right hip joint. 

Partial ostectomies were done on both tibiz, both 
humeri, the right radius, and the right first metatar- 
sus. Microscopic sections revealed chronic osteo- 
myelitis. The right hip was never drained and sub- 
sided with ankylosis. 

Case 9g. L. H., No. 7964 (Fig. 7), a white male 
aged 14 years, entered the hospital November 13, 
1928, with a history of osteomyelitis of the left 
femur, right fibula, and sacrum of 3% years’ dura- 
tion, apparently not coming on abruptly. 

Examination showed marked cardiac hypertrophy 
with decompensation, marked enlargement of the 
liver and spleen, and draining sinuses over the right 
fibula and left hip. The left elbow and left shoulder 
were greatly limited in motion. The roentgenograms 
showed arthritic changes in the left elbow, osteo- 
myelitis of the proximal end of the left humerus with 
involvement of the shoulder joint, the wing of the 
left ilium, the left femur, with destruction of the 
entire head and neck, and the right fibula with 
absence of most of its shaft. The urine consistently 
contained a large quantity of albumin with an occa- 
sional granular cast. The hemoglobin was 65 per 
cent, the red blood count 4,800,000, the blood Was- 
sermann and Kahn negative. roo per cent of Congo 
red, injected intravenously, was absorbed. 

The patient was discharged with a diagnosis of 
chronic suppurative osteomyelitis with multiple foci, 
and amyloid degeneration of the liver and spleen. 

SUMMARY 

1. Of 217 cases of pyogenic osteomyelitis 
there was associated arthritis in 51 cases, an 
incidence of 23.5 per cent. 

2. Of these 51 cases, 42 (19.3 per cent) 
arose by direct extension from an adjacent 
diaphyseal infection. The large weight bearing 
joints constituted 92.5 per cent of this group. 

3. In g cases (4.1 per cent) the joints ap- 
peared to have become involved by blood 
borne infections, presumably from remote foci 
of osteomyelitis. However, there may have 





existed at some time a small undiscovered 
lesion in the adjacent bone, and the joints may 
represent the end-result of an abortive osteo- 
myelitis. 

4. The seriousness of this complication of 
osteomyelitis has been measured in this anal- 
ysis by the end-results of the joint damage 
alone. Only 13.2 per cent of joints infected by 
direct extension regained a good range of 
motion, 65.2 per cent became ankylosed, and 
the remaining 22.6 per cent suffered varying 
degrees of functional limitation. 

A comparison of these end-results with 
those resulting from hematogenous infection, 
in the small series analyzed, suggests that 
less joint damage is produced by the latter 
type. In this group ankylosis occurred in 
44.5 per cent and a good range of motion was 
preserved in 33.3 per cent of the cases. 
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congenital dislocation of the hip, two 

methods are employed; reduction by closed 
manipulation, reduction by operation. Actually, 
however, there is a third method of treatment 
which must be used at times which cannot be 
included under the term “ reduction”’ since it does 
not attempt replacement of the dislocation but 
has for its object the relief of symptoms and 
improvement in function in a dislocated hip 
which cannot be reduced. Reduction by manipu- 
lation is, at the present time, fairly well standard- 
ized; at least it may be said that the basic prin- 
ciples of the manipulative method have been 
established and most of the methods in common 
use conform to these principles. The technique of 
reduction by operation was established by Gallo- 
way, in 1920, and this technique, with such modi- 
fications as the individual operator may have 
chosen to make, is generally used today. For the 
treatment of congenital dislocation of the hip in 
those cases in which it is impossible actually to 
reduce the dislocation, a variety of procedures 
have been devised. One of these procedures, the 
shelf operation, it is proposed to discuss in this 
contribution. 

In the management of congenital dislocation of 
the hip the factor which most profoundly influ- 
ences the course to be followed is the age of the 
affected individual. Age is of paramount impor- 
tance because it not only determines when closed 
reduction should be abandoned and reduction by 
operation resorted to, but also what type of 
operative procedure is to be employed. It is, 
then, impossible intelligently to discuss any form 
of treatment for congenital dislocation of the hip 
without taking into consideration the age factor, 
and a brief discussion of the way in which age 
influences the selection of the method of treat- 
ment used becomes a necessary preliminary to a 
discussion of a specific form of treatment such as 
the shelf operation. 
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For the purpose of this discussion we will sep- 
arate cases of congenital dislocation of the hip 
into three age groups. These groups represent 
approximately the important age periods in so far 
as treatment is involved. These groups are: 

Group I. Patients up to 4 years of age. 

Group IT. ‘Patients from 4 to 9 years of age. 

Group III. Patients over 9 years of age. 

In using the age periods shown in these three 
groups we recognize that no sharp lines of demar- 
cation can be drawn; they are meant to be an 
approximate guide, not an absolute one. Our 
experience, however, leads us to believe that these 
groups truly represent definite dividing lines in 
the treatment of congenital dislocation of the hip. 

Group I. This group may be briefly dismissed 
with the statement that practically every con- 
genital dislocation of the hip in patients up to the 
age of 4 years can be successfully reduced by one 
of the methods of closed manipulation in use. 
Occasionally, however, closed reduction within 
this age limit is impossible and reduction by the 
open method must be resorted to. In our clinic 
open reduction in patients under the age of 4 
years has been necessary in only 2 cases in 10 
years. 

Group II. In Group II we enter upon debatable 
ground. Many experienced orthopedic surgeons 
hold that the closed method of reduction should 
be used in children up to the age of 7 years and 
even up to 10 years. Others are convinced that 
closed reduction should be abandoned when a 
child has reached the age of 4 years and the open 
method of reduction used. Galloway, with a wide 
and successful experience, advocates reduction by 
operation at 2% years and considers 20 months 
to be the ideal age for this method. Experience 
over the past 12 years, during which time 71 con- 
genital dislocations of the hip have been treated, 
has convinced us that, in our hands at least, the 
best results are secured by reducing all dislocated 
hips over the age of 4 years by the open method. 








Position on operating table; patient turned 
slightly toward non-operative side. 


Fig. 1. 


However, whether reduction by operation is used 
in patients at the age of 4 years, or earlier, or 
later, it is possible, by the open method, in the 
majority of patients up to the age of 9 years to 
return the head of the femur to the acetabulum, 
and the result should be a physiological cure. As 
stated previously the technique of Galloway is 
entirely satisfactory for open reduction in this age 
group. 

Group III. After the age of g to 12 years, we 
believe 9, the picture of congenital dislocation of 
the hip changes rather suddenly. Up to this age, 
as has been pointed out, the dislocated femoral 
head can in the majority of cases be restored to 
the acetabulum by either the closed or open 
method; in children over g years of age such 
reduction is generally impossible or if possible, 
undesirable. Reduction is impossible because the 
thickened and contracted capsule and the extreme 
shortening of the muscles which pass from the 
pelvis across the hip joint to the femur prevent, 
except by using extreme force and running unjus- 
tifiable risks, the displacement of the head down- 
ward sufficiently to allow it to enter the acetabu- 
lum. Reduction is undesirable in these cases 
because, even if the reduction can be accom- 
plished by the use of great force, the head is 
thrust so strongly against the acetabulum by the 
contracted structures about the hip joint that 
absorption of the articular cartilage follows and 
rigidity or complete ankylosis will result in a very 
high percentage of the cases. Ankylosis, or even 
marked limitation of motion, is a very disabling 
condition and the strong probability that it will 
occur constitutes a definite contra-indication to 
replacing the femoral head in the acetabulum in 
these older cases. Our problem in Group III then 
is quite different than in Groups I and II, and our 
treatment must in the majority of cases aim at 
stabilizing the hip and improving the function of 
the joint without restitution of the dislocated 
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Fig. 2. The Smith-Petersen incision. 

head. We must, in other words, abandon the 
ideal of a physiological cure, possible in Groups I 
and II, and be satisfied with what Kreuz, of Berlin, 
has termed a pathophysiological cure. 

Efforts to devise a satisfactory method of stabi- 
lizing a congenitally dislocated hip and at the 
same time preserve a useful amount of motion 
without restoring the dislocated head to the 
acetabulum have produced a variety of operative 
procedures. These include the methods of Allison 
and Swett which attempt to restore the head to 
the acetabulum, even in older patients, by a two 
stage operation; the Lorenz, von Baeyer, and 
Kurmisson bifurcation operations; the Shanz 
osteotomy; and the shelf operation. The last of 
these, the shelf operation, has been used routinely 
in our clinic for the past 12 years, and it is the 
technique of this operation we propose to discuss 
in detail. 

The shelf operation for congenital dislocation 
of the hip aims: (1) to improve the weight bearing 
position of the head of the femur by bringing it 
forward from its position on the posterior plane 
of the pelvis to a position on the ridge between 
the anterior and posterior planes or onto the 
anterior plane itself, thus overcoming lordosis; 
(2) to stabilize the dislocated hip for weight bear- 
ing purposes; (3) to preserve a useful amount of 
pain free motion in the hip. To accomplish these 
three cardinal purposes we believe that a definite 
technique is necessary; the procedure as carried 
out in our clinic has varied but little from that 
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The incision has been deepened to expose the 
capsule and displaced head lying in the posterior plane of 
the pelvis above and posterior to the true acetabulum. 


Fig. 3. 


described by the author in the Journal of Bone 
and Joint Surgery of 1924, and is as follows: 
TECHNIQUE 

Preliminary preparations. Skeletal traction is 
applied for 2 weeks by means of a Kirchener wire 
passed through the crest of the tibia just below 
the tuberosity. Notwithstanding the assertion 
frequently made that little relaxation of contract- 
ed structures may be expected from traction pre- 
liminary to operation for congenital dislocation of 
the hip, experience has convinced us that when 
skeletal traction is used a definite amount of 
relaxation is secured and that the dislocated head 
can be much more easily displaced at operation 
than in these cases in which such preliminary 
traction is not used. From to to 15 pounds of 
weight are used, depending upon the age and 
physical condition of the patient. 

Operative preparation. The operative field pre- 
pared extends from the umbilicus to the knee on 
the side to be operated upon and includes half of 
the pelvis and the entire thigh. A double prepara- 
tion is given, one at noon of the day before the 
operation and the second in the late afternoon. 
On the operating table the entire area is painted 
with a 2 per cent iodine solution. The pubic hair, 
if present, is shaved. 


Fig. 4. The capsule has been cut away and all restricting 
structures divided or stripped back, and the head is com- 
pletely free. The lever is in position to slide the head 
forward onto the ridge between the anterior and posterior 
planes of the pelvis or onto the anterior plane. 


Placement on the operating table (Fig. 1). Some 
form of traction operating table must be used. 
The patient is placed upon the table with traction 
applied to both legs; the traction already in place 
(Kirchener wire) is used on the side to be operated 
upon and skin traction is used on the opposite leg 
to secure countertraction and to anchor the pelvis. 
Only sufficient traction is applied to hold the 
patient on the pelvic support; this allows the 
patient to be rolled slightly toward the side not 
to be operated upon and affords better access to 
the region to be operated upon. 
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Fig. 6. Woodcutter’s gouges of various sizes. 


The steps of the operation are as follows: 

1. The Smith-Petersen incision, which runs 
from well back on the iliac crest down onto the 
thigh, is used (Fig. 2). This incision is the only 
one which gives sufficient exposure to allow the 
subsequent steps of the operation to be carried 
out efficiently. The skin edges are protected by 
towels fastened with tetra clamps. The incision 
is deepened in the usual manner until the capsule 
of the joint is reached and freely exposed (Fig. 3). 

2. The dislocated head is now completely freed 
of all structures which interfere with complete 
mobility. This is accomplished by freely and 
completely cutting away all the thickened capsule 
and by dividing all fibrous bands. Muscle attach- 
ments which interfere, particularly those to the 
greater trochanter, are preserved as far as possible 
by stripping up their periosteal attachments. 
Generally, it is necessary to divide the tendon of 
the iliopsoas which is usually markedly shortened; 
no ill effects have followed this. The importance 
of completely freeing the upper end of the femur 
cannot be overemphasized; attempts to preserve 
the capsule prevent this and are unnecessary as it 
regenerates later (Fig. 4). 

3. The head, neck, and upper part of the 
greater trochanter having been completely freed, 
traction on both legs is gradually increased. As 
the traction force acts, the elevated side of the 
pelvis is allowed gradually to sink until the pa- 
tient is lying flat on the table. At this point a 
lever (Fig. 4) is placed behind the head and neck 
and, if the upper end of the femur has been 
adequately freed, the head readily slips forward 
onto the ridge between the posterior and anterior 
planes of the pelvis (Fig. 5) into a position above, 
or above and slightly in front of, the acetabulum. 
Traction is then gradually increased until the 
head has been pulled down in its anterior position 
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Fig. 7. Flap is turned down coming well down both 
anteriorly and posteriorly and covering the femoral head 
like a cap. 


to a point beyond which it will not descend with- 
out the use of unjustifiable force; this is as a rule 
about an inch to an inch and a half. Both lower 
extremities are then gradually abducted and the 
traction is tightened to take up the slack which 
usually follows this maneuver. The head is now 
in the position in which, by turning down a flap 
or shelf of bone from the side of the ilium, it is to 
be held permanently. 

4. The shelf is formed as follows: A wood- 
cutter’s gouge (Fig. 6), the size depending upon 
the size of the shelf to be formed, is used to turn 
down a flap of bone from the side of the ilium. 
This flap should be 1.5 to 2 inches in depth and 
at least 0.5 inch thick at its base. The flap should 
start well anterior to the head and be continued 
over it and well down posteriorly, so that when 
the shelf is completed it fits over the upper part 
of the head like a cap (Fig. 7). It should be 
understood that the shelf turned down is not 
merely a ledge of bone projecting from the ilium 
but a modelled covering for the femoral head. A 
large wedge of bone is then removed from th« 
crest of the ilium, or several wedges if so desired 
and this is securely fixed between the turned 
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Fig. 8. Wedge of bone has been removed from the crest 
of the ilium and fixed between the side of the ilium and 
the turned down flap. 


down shelf of bone and the side of the ilium, filling 
the space between them (Fig. 8). The wedge of 
bone acts as a brace for the turned down flap and 
provides a firm shelf above the head capable of 
resisting a fairly strong upward thrust without 
giving way. 

5. At this point the condition of the adductor 
tendons of the thigh is examined; if they are 
under tension, an assistant does an open tenotomy 
of these tendons before closure of the wound is 
commenced. 

6. Closure of the wound is made in the usual 
manner by layers. Drainage is rarely used and, 
if used, consists of a piece of rubber dam placed 
just under the skin and removed in 12 hours. 

7. A plaster-of-Paris cast is now applied to 
include both hips and to extend down to just 
below the knee on the side which has been oper- 
ated upon. The patient is transferred directly to 
bed from the operating table, strong traction on 
the extremity operated upon being maintained 
constantly by an assistant during this transfer 
and until the traction apparatus attached to the 
bed has been arranged and is acting. 
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Fig. 9. Roentgenogram showing type of shelf secured. 


After-treatment. ‘Traction is maintained con- 
stantly for 6 weeks. At the end of the fourth 
week, the cast is bivalved and mild flexion and 
rotation movements are given daily. After 6 
weeks traction is discontinued and physiotherapy 
continued with gradually increasing range of mo- 
tion insisted upon. Weight bearing is started at 
the end of 6 weeks with crutches and at the end 
of 8 weeks unrestricted weight bearing is per- 
mitted. It is necessary to maintain supervised 
exercises for several months following operation 
in order to secure full range of motion. 

RESULTS 

The results to be expected from a properly per- 
formed shelf operation are: 

1. A stable, pain free, freely movable hip, with 
limitation of motion only in the extremes of the 
arc. 

2. Improved weight bearing with improvement 
or disappearance of lordosis and its accompanying 
symptoms of backache. 

3. A definite decrease in the shortening which, 
on the average, is about 1 inch. 

4. Improved walking because of the resulting 
stability and lessening of the give in the hip on 
weight bearing. 
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We have performed the shelf operation in 26 
dislocated hips with the following results: 


Cases Per cent 


Good results 21 80.7 
Improved 2 7.6 
Failures 3 1r.5 


The youngest patient operated on was g years 
old; the oldest, 40 years old. 

The failures were due in one case to a low-grade 
infection which resulted in ankylosis but with 
improvement in position. The second failure was 
not one of failure to secure stability and motion 
but, since the operation, the patient has suffered 
from very marked symptoms in the sacro-iliac 
joint on the side operated upon. The third failure 
was due to an attempt to secure too much length 
with resulting pressure on the head with absorp- 
tion of articular cartilage and rigidity in the hip. 

There have been no deaths in the 26 cases 
operated upon nor have any serious complications 
occurred. Unduly prolonging the operation and 
attempting to obtain too much _ lengthening 
should be avoided, as they tend to cause shock. 

The results of the shelf operation, so far as we 
can determine, have been lasting. Four patients 











were operated upon 12 years ago and all are lead- 
ing active lives without symptoms or any inter- 
ference with active use of the hip. The same 
results are being obtained in more recent cases, 
as shown in Figure 9. 
CONCLUSIONS 

In conclusion, may I say that it is my firm 
belief that before many years have passed the 
question as to what is the best operative proce- 
dure for neglected cases of congenital dislocation 
of the hip will rarely come up for decision because, 
as the public and profession become educated, 
practically all cases will fall in Groups I or II 
when physiological cure is possible. It is in the 
first 3 years of life that congenital dislocation of 
the hip must be treated if it is to be cured com- 
pletely so that the most important step in the 
management of congenital dislocation of the hip, 
as I see it, is the untiring preaching of the gospel 
of early diagnosis and early correction. The vari- 
ous operations for treatment of the long standing, 
or perhaps better, the neglected cases, are make- 
shift procedures which, it is true, fulfill a definite 
purpose but they, by their very existence, consti- 
tute a reproach to the medical profession. 
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NHERE are three points of importance to 
be kept in mind in treating fractures of the 
fingers and metacarpal bones: (1) The ends 

of the fragments must be brought into a position 
which is absolutely faultless anatomically. (2) 
Fractures of the fingers and metacarpals are 
especially apt to result in great dislocations and 
for this reason the correct position of the frag- 
ments should be judiciously maintained until the 
formation of callus prevents the fragments from 
being dislocated and shoved against one another. 
(3) Physical therapy must be begun as early as 
possible, lest the wrist and the joints of the 
fingers grow stiff. Usually it is not so difficult to 
obtain an exact reposition of the fragments as 
it is to keep them in position and, without again 
dislocating the fragments, to start exercises early. 
The contraction produced by the tendons and 
aponeuroses works to a disadvantage upon the 
maintenance of the fixation of the fracture, and 
may prove to be a real danger when physical 
therapy, which is absolutely necessary, is begun 
early. We know that fingers and wrists, especially, 
grow stiff very quickly when they are held in a 
fixed position. It is always a question whether 
the patient will be able to make use of his hand 
in a normal way after it has been kept at rest 
for some time or whether he will be incapacitated 
economically as well as psychologically. In a 
study by Ziegler of a series of 403 cases of frac- 
tures of the fingers, the percentage of invalidism 
was found to be an average of 24.9 per cent. 

The two problems, the maintenance of fixation 

and early orthopedic treatment, have brought 
forth many therapeutic proposals. In a recent, 
more detailed contribution! I suggested that the 
methods hitherto proposed had certain disad- 
rantages which led to disappointing results. The 
various types of splints for the hand and the 
fingers do not prevent new dislocations of frag- 
ments after they have been well and properly 
aligned. The method of fixing the hand with 


fingers closed over a roll of gauze has the same 
disadvantages; moreover, the fingers which are 
The method of 


not involved are fixed as well. 
'Chir., 1932, p. 58. 


extending the parts by means of adhesive plaster 
is not only very disagreeable to the patient but 
the wrist and the joints of the fingers are stretched 
in a way not physiological, and the result is 
again disappointing. This method, too, has still 
another disadvantage in that in certain cases 
sufficient pressure cannot be procured from the 
adhesive plaster without exposing the tip of the 
finger to the danger of being insufficiently 
nourished. Without entering into particulars I 
would refer to my contribution just mentioned. 

I have tried to overcome all of the disadvan- 
tages referred to by making an apparatus for 
extension of the finger by means of wire. The 
chief points of interest are as follows: 

1. The apparatus should make it possible to 
exert traction strong or mild according to the 
conditions met in a given case. 

2. The finger which is to be extended and the 
wrist which is to be fixed should be brought into 
a physiological position which is agreeable to the 
patient and which will facilitate and shorten the 
period of treatment to restore function. 

3. It is absolutely necessary that while fixed 
and extended by means of the apparatus the 
finger affected as well as the other fingers can be 
exercised in order to provide against the danger 
of stiffness. 

4. It is essential that the apparatus be so 
constructed that it can be used to extend each 
finger and to take the place of the cuff of plaster 
of Paris used on the forearm, the application of 
which requires much time. 

On the basis of these postulates and after 
having been tried thoroughly, the apparatus is 
now made (by Braun-Melsungen) as shown in 
Figures 1 to 5.2. It may be described briefly as 
follows: 

There is a forearm cuff made of neat leather 
which is adjustable to different size wrists. By 
three straps a narrow Kramer splint is fixed in 
such a manner that its form and direction may 
be altered according to the kind and the situation 
of the fracture. By means of a spiral spring at 


2 The apparatus can be obtained from the American Medical Special 
ties Co. Inc., 352 Seventh Avenue, New York. 











Fig. 1. Finger extension and bow to produce trac 


tion. 


the end of the Kramer splint, there is applied for 
extension a light and narrow bow holding a thin 
steel wire which is rust proof, according to 
Kirschner. The bow produces traction as strong 
as necessary for the fracture. Held in place by 
a leather strip there is also applied through the 
forearm cuff a prop made of aluminum which is 
bent to fit the hollow of the hand. This prop 
produces light and comfortable dorsiflexion—the 
only physiological position of the wrist—whereas 
the fingers are slightly flexed. 

The Kirschner wire is laid diagonally either 
across the basal phalanx of the finger to be ex- 
tended in case of fracture of the metacarpal bones, 
or across the middle phalanx in case of fracture 
of the basal phalanx. We can report but the 
best results from the minor surgical operation 
which can be carefully carried out under local 
or nerve block anesthesia without injury to any 
tendons, nerves, or arteries and without the dan- 
ger of infection. 

First the cuff, softly padded, the Kirschner 
wire, and the bow extension are put on. Then 


the fragments are placed in position after 2 per 
cent novocain has been injected into the hema- 
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Fig. 2. Forearm cuff of leather with Kramer splint and 
aluminum prop which is bent to fit the hollow of the hand. 


toma to overcome pain. Now the wrist is slightly 
dorsiflexed and the fingers less so. After a few 
hours, the patient will be able to move the ex- 
tended finger a little. The bandage is kept on for 
2 or 3 weeks, which time is necessary for the 
consolidation of the fracture so that redislocation 
is made impossible. Then the usual treatment 
is followed: the application of warmth and mas- 
sage and exercise of the hand and fingers. 

By means of wire extension excellent results 
have been obtained during the past two years 
at the Surgical Clinic of the University of 
Frankfurt a. Main. With this method even ex- 
tremely badly dislocated fractures which have 
been treated by other means without success are 
cured. The results have been very favorable from 
an anatomical as well as a functional point of 
view. In all the cases mentioned the time re- 
quired for physical therapy has been consider- 
able lessened compared with the time required, 
for instance, when the method of extension by 
adhesive plaster was used. As to the patient 
himself, this method is much more agreeable than 
are other ones, for it has the advantage of allow- 
ing a comfortable physiological position of the 
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Fig. 3. Finger extension applied. Tennis racket form 
Fig. 4. Finger extension applied. Abduction position 
of the Kramer splint. 


wrist and the joints without the patient being 
constantly reminded of his disability. 

We believe that the postulates mentioned have 
been met by the wire extension apparatus and 
that this method may be recommended. 


SUMMARY 


An apparatus is described for the treatment of 
fractures of the fingers and metacarpal bones. 
The apparatus is based on the principle of wire 
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Fig. 4. Fig. 5. 


Fig. 5. Finger extension applied. 
Kramer splint. 


Bayonet form of 


extension. The apparatus permits more or less 
strong traction, bringing fingers and wrist into 
a comfortable middle position. The apparatus 


makes possible the correction and maintenance 
of exact reposition even in fractures with greatly 
dislocated fragments. The joints of the fingers 
can be moved without any pain immediately after 
the apparatus is applied —a means of facilitating 
the treatment afterward and a means of improving 
the results. 
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AINCE the condition of pancreatic lithiasis 
was first described by Graaf in 1667, rela- 
tively few cases have been recorded. The 

rarity of the condition is evidenced by the fact 
that a careful search of the literature reveals only 
107 cases. Opie, in 1910, found two cases in 1,500 
autopsies at The Johns Hopkins Hospital. 

It is probable that many cases are overlooked 
clinically, because of the great difficulty in recog- 
nizing the condition even with modern methods of 
investigation. This is well illustrated in the case 
about to be described. Furthermore, it has been 
recorded that stones have been missed at opera- 
tion, even when suspected, and found at autopsy. 

The literature on pancreatic lithiasis has been 
well reviewed from time to time. Oser, in 1900, 
collected 70 cases, and, 4 years later, Lazarus re- 
viewed a total of 80 cases. In 1925, Seeger, in a 
comprehensive review, brought the total reported 
cases up to ror, including 1 case of his own. He 
emphasized the value of surgical treatment. Since 
Seeger’s article appeared, reports of 6 more cases 
have been found; 4 by Hartmann, in 1925; 1 by 
Charvat and Felklova, in 1926; and 1 case by 
Lindsay, in 1929. The case about to be described 
brings the total up to 108. It is significant that, 
whereas almost all of the cases recorded up until 
the first of this century were autopsy findings, the 
greater number reported since have been operated 
on with, for the most part, good results. 

We have studied all of the previously recorded 


cases, but, as the details of the earlier ones are 
scanty, it seems advisable to confine our analysis 


to the 54 cases reported since the middle of the 
last century, which are more complete. In analyz- 
ing these, striking differences between the group 
operated upon and the group of postmortem cases 
were noted in both symptoms and findings. For 
the sake of comparison, therefore, statistics of 
these two groups are presented separately. It will 
be noted, for example, that, whereas the average 
age in the postmortem series was 50 years, that in 
the surgical series was only 40 years. Of the entire 
54 cases, 29 were surgical and 25 were reported as 
autopsy findings (Tables I and II). 

Lindsay stresses the fact that both dull and 
colic-like pain are frequently present and that dull 
epigastric ache precedes the colic. 


1From the Department of Pathology, The Montreal General Hospital, and The Ste. Anne’s Military Hospital. 


ACKMAN, M.D., 





GYNECOLOGY AND OBSTETRICS 


LITHIASIS' 


MONTREAL, CANADA 


The Montreal General Hospital 
ROSS, M.D., 


MONTREAL, CANADA 


The Montreal General Hospital 


It will be seen from Tables I and II that epi- 
gastric pain of the colic-like type and, less fre- 
quently, epigastric pain, dull in character, is the 
predominating symptom. The radiation of the 
pain is variable. While in the majority of cases 
it is referred to the back, there is here no constant 
site of radiation; generally it is to one or other 
scapular region. In some cases, radiation as high 
as the shoulders has been noted, in others as low 
as the lumbar region. A number of writers, nota- 
bly Seegar, have stressed left lumbar radiation. 
That this is characteristic, however, can hardly be 
accepted. Nausea and vomiting occur frequently 
in association with the paroxysms of pain. 

Of greater importance than pain, from a diag- 
nostic standpoint, is the frequent occurrence of 


TABLE I.—SURGICAL CASES 
Number of cases reported (53.7 percent) 29 
Average age Ke) 
Sex 
Males 10 
Females... . 17 
Not mentioned . 
Symptoms and Signs 
1. Pain 
Dull epigastric 5 
Colic-like epigastric 19 
Absent 2 
Referred to thoracic region of back 8 
Referred to left lumbar region 1 
Referred to both lumbar regions I 
Radiating down ureter (left) I 
Reference not mentioned ees 3 
2. Nausea and vomiting with attacks of pain 7 
3. Glycosuria (always late) 1 
4. Jaundice with attacks. . 8 
5. Steatorrhoea 6 
6. Diarrhoea with attacks 3 
7. Stones in the stool 2 
8. Marked loss of weight : 10 
9. Irregular pigmentation of skin 2 
10. Palpable tumor... . 2 
11. History of duodenal ulcer 2 
12. X-ray findings 
Positive pre-operative 2 
Positive postoperative. 2 
Negative I 
Findings 
r. Calculi 
Multiple 23 
Single 6 
2 Cysts of pancreas 2 
3. Abscess of pancreas 3 
4. Fat necrosis of pancreas I 
5. Carcinoma of the pancreas I 
Associated Findings 
1. Duodenal ulcers 3 
2. Gall stones. . 4 
Results 
1. Immediate recovery (92.6 percent) 27 


2. Postoperative deaths (7.4 percent) 2 























steatorrhaea and diarrhoea. The occurrence of 
steatorrhoea and the rare finding of typical calculi 
in the stools, emphasize the importance of a care- 
ful examination of the faces. Kinnicut, in 1903, 
reported 7 cases, including 1 of his own, in which 
the diagnosis had been established from examina- 
tion of the faces. 

Glycosuria has been reported in a large number 
of cases, particularly in the postmortem group. 
Oser, in his series of 70 cases, found that it oc- 
curred 22 times, while Lazarus notes its occur- 
rence in 36 of his 80 cases. Opie points out that 
this condition comes on late in the disease, after 
fibrosis of the pancreas has become so extensive 
as to involve the islets of Langerhans. Glycosuria 
does not necessarily mean, however, that surgical 
intervention will not still relieve and even cure 
the condition, as will be noted in the included 
statistics. 

Loss of weight to a marked degree occurred fre- 
quently enough to attract attention. 

In 14 of the cases (about 25 per cent), obstruc- 
tive jaundice led to the incorrect diagnosis of gall 
stones in the common duct. Jaundice is due either 
to obstruction at the ampulla of Vater by an ex- 
truded pancreatic calculus, or to pressure upon 
the common duct by inflammatory swelling or 
stone in the head of the pancreas. 

Associated pulmonary tuberculosis was found 
in 6 cases and in the case here reported. Its oc- 














TABLE Il. POSTMORTEM CASES 
Number of cases reported 6.3 per cent 
Aver y 
sex 
Males 14 
Females ¢ 
yt mer tior ea 
Symptoms a Signs 
I 
12 
6 
f back 5 
1 attacks of pain 7 
I 
8 
a 
11 
12 
Findings 
1. Calcu 
Multiple { 
I I 
Cc\ s 
tr pe € 
f the cre I 
Associated Findings 
1. Ga s 2 
Duodenal] ulcers 
3. Pulmonary tuberculosis 6 
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Fig. 1. Roentgenogram showing calculi in the pancreatic 
duct. (From the X-ray Department of The Royal Victoria 
Hospital, Montreal 


currence, however, can hardly be said to be more 
frequent than the association of pulmonary tu- 
berculosis with diabetes mellitus generally. In 
only 1 case, that of Bissell, was a tuberculous le- 
sion found in the pancreas. 

The finding of gall stones in 4 cases and pan- 
creatic carcinoma in 1 case may be considered in 
the light either of cause or effect, or as purely co- 
incidental, the latter explanation applying with 
added force to the 3 cases showing duodenal ulcer. 

In but 4 cases have pancreatic cysts been found, 
and the explanation given by some writers is that 
the duct of Santorini has been present and has re- 
mained patent. 

The pancreatic stones are almost invariably lo- 
cated in the ducts. Seldom are they found embed- 
ded in the parenchyma of the gland. It has been 
noted that they do not tend to lodge in the ter- 
minal portion of the duct of Wirsung as it passes 
through the duodenal wall. The ducts behind the 
stones eventually become dilated, and in addition 
to the stones may also contain grumous material. 
The pathological changes in the parenchyma of 
the gland are characteristic. First, there develops 
an interlobular pancreatitis with small round cell 
infiltration and, later, fibrosis. The fibrosis gradu- 
ally extends and eventually involves the whole 
parenchyma in a diffuse way, compressing the 
acinar tissue. Pressure from dilated ducts un- 
doubtedly plays a part in this destructive process. 
As Opie has stressed, the islets of Langerhans are 
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Fig. 2. Drawing showing the pyloric end of the stomach, a portion of the duodenum, 
the pancreas, and adjoining tissues. Note the stones in the opened dilated pancreatic 


duct and tributaries. 


the last to become involved. The calculi have 
been described as varying from a pale yellow toa 
light grey in color. They are usually quite friable. 
They vary in size from sand-like particles to one 
described by Schuppmann measuring 1% inches 
in diameter. They are rough, irregular, some- 
times jagged, and the larger ones may even take 
on a stag-horn appearance, from projections into 
dilated branch ducts. When multiple large stones 
are present they are often facetted, as in the case 
about to be described. In cross section they show 
no definite concentric formation, but are seen to 
contain organic material. Chemical analysis has 
been found to be substantially the same in all in- 
stances. Calcium carbonate and calcium phos- 
phate form the chief constituents. Barron, who 
investigated this matter particularly, found that 
there also occurred, less frequently, small quanti- 
ties of other phosphates and occasionally traces of 
cholesteral, magnesium carbonate, and calcium 
oxalate. 

Regarding the causation of stone formation, all 
the accumulated evidence points to a primary in- 
flammatory condition, with stasis as a secondary 
factor. Not only do the accompanying pathological 
changes in the pancreas bear this out, but the 
composition of the stones themselves offers addi- 
tional evidence. Normal pancreatic secretion, it 
has been shown, does not contain calcium salts. 
On the other hand, it is well known that calcium 
salts are always found in excess in any inflamma- 
tory process. Just as calcium deposition in gall 


Probe in the common duct. 


stones is secondary to an inflammatory lesion, so 
it occurs also in pancreatic stones. 

The following is an abstract of a case which 
came to autopsy at Ste. Anne’s Military Hospital, 
Ste. Anne de Bellevue, Quebec. The history is 
based on records kindly supplied by St. Bartholo- 
mew’s Hospital, London, England; The Boston 
City Hospital, Boston, Massachusetts; The Vic- 
toria General Hospital, Halifax; The Royal Vic- 
toria Hospital, Montreal; and the Ste. Anne’s 
Military Hospital. 

K. D., male, aged 57 years, British born, a civil engineer 
by profession, was admitted to Ste. Anne’s Military Hos- 
pital on May 1, 1929, in a dying condition. 

From the age of 2 to the age of 8 years he had had dis- 
charging sinuses in his neck, probably tuberculous in origin. 
In 1904, he first complained of attacks of upper abdominal 
colic-like pain accompanied by nausea, vomiting, and loss 
of weight. These attacks were aggravated by taking food. 
He was admitted to St. Bartholomew’s Hospital, London, 
the same year. At an exploratory operation a nodular mass 
found in the pyloric region was thought to be carcinoma of 
the pylorus and a gastro-enterostomy was performed. The 
patient was considerably relieved for a few months, when 
the attacks again recurred occasionally, but not so severely. 
After coming to Canada, 1911, he contracted typhoid fever 
and received treatment in The Victoria General Hospital 
Halifax, for 6 weeks. In 1912 he was admitted to The 
Boston City Hospital, because of the return of the attacks 
of abdominal pain. He was treated with laxatives and 
enemas for 5 days and then discharged, relieved. 

In 1915, 11 years after the abdominal operation, he en- 
listed in the Canadian Army and went overseas. While in 
England he was treated in a military hospital for abdominal 
colic and vomiting. He continued to have recurring at- 
tacks of a similar nature while overseas. In 1919, he re- 
turned to Canada, 
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Fig. 3. Roentgenogram of the fresh pathological speci 
men shown in Figure 1, with a probe in the common bile 
duct and another in the pancreatic duct as far as it could be 
inserted. Note the multiple stones in the pancreatic duct. 


In 1920 he first noticed frequency of urination and a 
craving for sweets. The following year he developed a 
definite polyphagia. In 1923, he had a severe recurrence 
of epigastric colic and vomiting. He found that vomiting 
relieved his pain and he frequently sought relief by inducing 
it. The same year, he was admitted to the Victoria General 
Hospital in Halifax for these symptoms. There, for the first 
time, glycosuria was noted. In 1924, he again entered the 
same hospital on account of abdominal pain. Glycosuria 
was again found. It should be noted that he was disinclined 
to follow his dietary instructions, and, moreover, was ad- 
dicted to the use of alcohol. In 1925, thirst and polyuria 
became more marked. In March, 1926, he attended the 
Boston City Hospital Clinic, complaining of pain in the left 
shoulder. A diagnosis of diabetes mellitus and alcoholic 
neuritis was made. In April, he was again admitted to the 
same hospital on account of his abdominal symptoms. Here 
it was recorded that he was addicted to the use of veronal 
as well as alcohol. Not long after this, in 1926, his abdominal 
symptoms entirely cleared up and never recurred. In Au- 
gust, 1927, he developed a cough and began to lose weight 
rapidly. He had hemoptysis on two occasions during that 
month. Again entering the Boston City Hospital, pleurisy 
was found as well as his diabetic condition. Insulin was 
used for the first time, and on leaving the hospital he was 
taking a dosage of 20-0-20 units. He continued to lose 
weight steadily and his cough persisted. By February, 1929, 
he had lost 44 pounds. 

On February 9, 1929, he was admitted to The Royal 
Victoria Hospital, Montreal, where the diagnosis of chronic 
pulmonary tuberculosis was added to that of diabetes 
mellitus. 

Laboratory findings. Urinalysis showed urine, acid; spe- 
cific gravity, 1.037; sugar, +++; albumen, +; acetone, 
trace; bile, 0; microscopic pus cells, scattered and in 
clumps. Blood count showed red blood cells, 4,140,000; 
white blood cells, 9,000; haemoglobin, 90 per cent. Blood 
Wassermann was negative. Blood chemistry: urea, creat- 
inine and cholesterol, normal values. Gastric analysis: 
normal findings. Stool examination: nothing unusual noted. 
Barium series showed a well functioning gastro-enterostomy. 
Shadows were noted at the level of the first and second 
lumbar vertebra, suggesting calcified glands. These have 
since been identified as pancreatic calculi (Fig. 1). X-ray 
examination of chest confirmed the diagnosis of pulmonary 
tuberculosis. The Tipp test showed a pathological gall 
bladder. Cystoscopic examination, with a pyelogram gave 
negative findings. 
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Fig. 4. Stones removed from the pancreatic ducts show- 
ing various sizes and shapes; facetting is indistinctly seen. 


The patient’s pulmonary condition became rapidly worse 
and on May 1, 1920, he was transferred to Ste. Anne’s 
Military Hospital, where he died May o. 

Abstract of postmortem findings. The pancreas was buried 
in dense fibrous adhesions and was very much atrophied. 
Part of the adhesions were intimately associated with the 
gastrojejunal stoma. On palpation the pancreas was hard 
and fibrotic. Along the course of the duct of Wirsung sev 
eral large stones could be felt which gave distinct crepita- 
tion. Gross sections of the gland showed this duct to be 
widely dilated throughout and filled with numerous grey 
ish-white stones of various sizes and shapes. While some 
were rough and irregular, the larger ones were facetted at 
contact points. Branches of the main duct were also di- 
lated and contained many similar though smaller stones 
(Fig. 2). In addition to the stones, the ducts also contained 
yellowish, grumous material and sand-like particles. The 
duct walls were all greatly thickened and the parenchyma 
almost entirely replaced by fibrous tissue. An X-ray pic- 
ture of the extirpated pancreas was made (Fig. 3), and this 
revealed the presence of many small stones in remote parts 
of the gland. These were afterward found to lie in dilated 
ducts. Some of the more accessible calculi were removed 
and photographed (Fig. 4). Chemical analysis of these 
stones showed the chief constituent to be calcium carbonate, 
with a smaller amount of calcium phosphate. 

In addition, there was extensive ulcerative tuberculosis 
of the upper lobe of the left lung and bilateral pleural effu 
sion. There was also an empyema of the appendix; the kid 
neys showed cloudy swelling; and the spleen an acute hy 
perplastic condition. 

Microscopic examination of the pancreas. Many sections 
taken from various parts of the gland all showed marked 
loss of glandular tissue with extensive replacement fibrosis. 
In some areas the latter contained considerable small round 
cell infiltration. What acinar tissue remained was present 
only in small islands, and these showed postmortem au 
tolysis. Acinar tissue was relatively best preserved in the 
sections from the head, but even here it was very far from 
normal. In none of the many sections could normal, or 
even nearly normal, islets of Langerhans be recognized, but 
here and there, embedded in the fibrous connective tissue 
indistinct remnants of these were seen (Figs. 5 and 6). The 
duct walls generally were greatly thickened by fibrous con 
nective tissue, while sections through the terminal portion 
of the duct of Wirsung and common bile duct just above 
the ampulla showed, in addition to this thickening, con- 
siderable surrounding fibrosis and small round cell infiltra- 
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Fig. 5. Low power photomicrograph of pancreatic tissue. 
The darker areas are islands of pancreatic tissue; the lighter, 
dense fibrous tissue. A dilated pancreatic duct is seen at A. 


tion (Fig. 7). There was considerable peripancreatic in- 
flammatory connective tissue which involved also the 
adjacent lymph nodes. 

This case illustrates well the difficulty of mak- 
ing an accurate diagnosis of pancreatic lithiasis, 
even with roentgen-ray assistance. This difficulty 
is attested to by all writers, but on the other hand, 





Fig. 7. Photomicrograph (planar) of a transverse section 
through the ampulla of Vater, showing the common bile 
duct A and the patent pancreatic duct B. 


Fig. 6. High power photomicrograph showing the exten 


sive fibrosis in the pancreatic tissue, with a small island of 


degenerated residual acinar tissue. 


the more recent statistics certainly show a decided 
improvement. Not only have a larger number of 
definite pre-operative diagnoses been made than 
formerly, but in a still greater number of cases 
have calculi been suspected and their presence 
confirmed at operation. Because of earlier recog- 
nition and treatment relatively fewer cases with 
glycosuria have been recorded in recent years. In 
some cases, even on direct palpation of the pan- 
creas, a simple stone may be difficult to locate 
especially if extensive fibrosis be present. On the 
other hand, attention has been called, especially 
by Link and Sistrunk, to a peculiar crepitus that 
exists when there are multiple stones. The value 
of the roentgen-rays in the diagnosis has been 
particularly stressed by Mayo-Robson, especially 
in view of the composition of the stones. Hartig, 
however, describes a case in which X-ray examina- 
tion was negative, but several large stones were 
found at operation. On the other hand, Lindsay’s 
2 cases both showed suggestive shadows, and in 
his more recent case this writer felt that this ex- 
amination definitely confirmed the diagnosis. La- 
coutre and Charbonnel X-rayed their patient after 
operation only, when several overlooked stones 
were seen. In a few instances, including our case, 
however, the shadows have been mistaken, as can 
readily be understood, for calcified glands which 
are commonly found in this region. In at least 
two cases the X-ray diagnosis of renal calculi has 
been made. 














ACKMAN AND ROSS: 


OPERATIVE TREATMENT 

The excellent results that have attended opera- 
tion in recent years deserve special emphasis. Not 
only have the end-results been gratifying, but the 
mortality rate is satisfactorily low, being approxi- 
mately 6.5 per cent. It is notable that in neither 
of the two deaths following operation did either 
fat-necrosis or peritonitis occur; in none of the 
cases did a permanent fistula develop. The secret 
of this, as Seeger has pointed out, is adequate 
drainage, preventing retroperitoneal accumula- 
tion of pancreatic secretion. All of the 7 cases re- 
ported with glycosuria previous to operation re- 
covered. In 4 of these a definite postoperative im- 
provement in sugar tolerance is recorded. 

Various avenues of approach to the pancreas 
have been described. In general, however, the 
route chosen has depended on the location of the 
stones. When these are located in the head of the 
gland some surgeons, notably Sistrunk, have fa- 
vored retracting the second part of the duodenum 
medially and thus reaching the pancreas from be- 
hind. Dalzeil, in 1992, reported a case in which 
he successfully removed four stones from as many 
different parts of the gland. Moynihan and others 
have opened the duodenum and removed stones 
through the ampulla. Hartig’s case had an asso- 
ciated carcinoma of the head of the pancreas from 
which the patient died 5 months later. To discuss 
the relative merits of the different operative pro- 
cedures does not come within the scope of this 
paper. One is content to stress the gratifying re- 
sults that have attended the surgical treatment of 
this condition since Caparelli, in 1876, reported 
the first case successfully operated on. 

SUMMARY 

1. Pancreatic lithiasis is a comparatively rare 
condition, there having been only slightly over 
Too cases reported. 

2. Whereas most of the earlier cases reported 
were from autopsy findings, the majority in the 
last 50 years have been successfully operated on. 

3. Epigastric pain of both dull and colic-like 
nature is the commonest symptom, but unfortu- 
nately there is no consistency in radiation. 

4. Steatorrhoea and diarrhoea attract particular 
attention in the symptomology. These symptoms, 
together with the occasional finding of calculi in 
the faeces, make the examination of the stools of 
great importance. 

5. Glycosuria of true diabetic character is a 
frequent finding late in the condition. It appears 
to be coincident with extensive destruction of the 
islets of Langerhans by the fibrotic pancreatitis 
which occurs with this condition. 
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6. Jaundice occurs often enough to lead fre- 
quently to the incorrect diagnosis of cholelithiasis. 

7. Correct clinical diagnosis is difficult, and 
though the roentgen-ray is of great value it may, 
as in our case, not be conclusive, while even at 
operation stones may be missed, particularly if 
single. A peculiar crepitus when multiple stones 
are present has been described. 

8. Surgical treatment has yielded very grati- 
fying results from every standpoint. The mor- 
tality rate is less than 6.5 per cent. When properly 
treated the presence of diabetes mellitus does not 
constitute a contra-indication to operation. 

g. Characteristic pathological changes occur in 
the parenchyma of the gland, beginning as a 
chronic interlobular pancreatitis and gradually in- 
volving the whole gland in a fibrotic process, with 
resultant atrophy and loss of parenchyma. The 
islets of Langerhans are last to be involved. 

10. The calculi are composed for the most part 
of calcium carbonate and calcium phosphate. 
These findings are suggestive of an inflammatory 
etiology. 

11. Associated pulmonary tuberculosis has 
been noted in a number of cases. The incidence of 
this is, however, probably not more than might be 
expected in diabetes mellitus generally. 

12. A typical case is reported with a history of 
25 years, and with the autopsy findings. Glyco- 
suria was present during the last 5 years of the 
condition and active pulmonary tuberculosis only 
during the last 6 months. 
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Witu A Report oF Two Cases AND ILLUSTRATIONS OF THE MECHANISM OF KNOT 
FORMATION 


W. G. ATWOOD, M.D., F.A.C.S., FALL River, MASSACHUSETTS 


N human beings the umbilical cord is subject 
to many kinds of torsion, coiling, looping, and 
knotting during pregnancy or during partu- 

rition. Torsion of the cord is a common occurrence. 
In a case recently admitted to the hospital the 
umbilical cord of the aborted fetus of 4 months’ 
pregnancy was twisted ninety-one times (Fig. 1). 
DeLee records a case in which the death of the 
fetus might have resulted from stricture of the 
cord which was twisted 380 times. There is the 
remote possibility that the activity of fetal death 
agony may produce the torsion or that the cord 
may become twisted after the child’s death by 
uterine contractions. In the latter case no ad- 
hesions would be found between the coils of the 
cord and when untwisted the shape of the cord 
would not be permanently altered. 

Coiling about the neck or body of the fetus has 
been found in 25 per cent of the cases, but knot- 
ting of the cord in only 0.5 per cent. Von Winckel 
considers the occurrence of knotting of the cord 
rare, being found in not more than 0.4 to 0.5 per 
cent of all births. Chantreuil found seven knots 
of the cord, six simple and one double, in 1,000 
deliveries. Von Hecker records 31,590 births in 
which he found true knots of the cord 116 times, 
a ratio of 1 to 274 births. 

Such anomalies are not characteristic of the 
lower animals, however. Torsion has been dis- 
covered in about 40 per cent of cases, chiefly in 
horses and pigs. Seldom has the cord been coiled 
or looped about the neck of the offspring and never 
has a knotted cord been observed. Sellheim as- 
cribes the greater occurrence of twisting and knot- 
ting of the cord in human beings to their upright 
posture, their ability to swing about rapidly on a 
vertical axis, the heavy head of the human fetus 
as compared with the body, and to the fact that 
it must remain longer in bent position before 
reaching the pelvic outlet. The theoretical trans- 
mission of the effect of physical motion of the 
mother on the contents of the uterus has led one 
writer to regard these multiple high grade tor- 
sions and knots as the automatic registering ap- 
paratus of outside stimuli on intra-uterine life. 
Schneider offers the hypothesis that the knots are 
formed in the developmental stage at the time 
when the body stalk is fusing with the omphalo- 


mesenteric duct as it passes into the amniotic 
cavity when the embryo is about 5 millimeters in 
length. Most authorities believe, however, that 
the most favorable time for knot formation dur- 
ing pregnancy is from the ninth to the twelfth 
week of intra-uterine life. At this time the fetus 
is very small and is swimming about in an abund- 
ance of amniotic fluid. Contributing factors are 
an extremely long cord, hydramnios, exaggerated 
fetal movements, or violent movements on the 
part of the mother. It is evident that a long cord 
and a great amount of amniotic fluid will facili- 
tate fetal movement. But authors have reported 
finding knots in very short cords: Collyns found 
two knots in an umbilical cord which measured 
only 6 inches. Such cases are exceptional. 

The formation of a single true knot is a for- 
midable process which is influenced by contrac- 
tions of the uterus, passivity, and subsequent 
sudden activity on the part of both mother and 
fetus, and the laws of gravitation. The fetus itself 
may slip through the loop, or the loop may acci- 
dentally fall over the head of the fetus. The first 
stage in the process is torsion, which is due to a 
simple twisting of the fetus on the axis of the 
umbilical cord. The mechanics is similar to that 
involved when the pedicle of an ovarian cyst 
becomes twisted. If the torsion is prolonged, a 
coil or loop may be formed. If a particular move- 
ment or series of movements then drives the loop 
toward the fetus or the fetus toward the loop and 
the fetus reverses its motion, diving through the 
coil, a variety of knots may result. Experiments 
with weights and strings have revealed a chaotic 
number of possibilities of knot formation. 

The situation of the knot often may be used as 
an indicator to mark the time of its formation. If 
the knot is formed early, it will be close to 
the navel; if late, it will be at the placental end. 
McCaffrey, however, discovered through experi- 
mentation that a pressure equal to that exerted 
by the pumping of the fetal heart has made the 
knot travel 6 inches along the cord, so that this 
method is not impeccable. 

Discrimination between knots formed during 
pregnancy and those resulting from labor can 
ordinarily be made with little effort. Sellheim 
noticed that knots found in premature fetuses 











were firm whereas those formed during parturi- 
tion always had a perceptible response when 
pulled and had retained elasticity. Browne ob- 
served that knots formed early in fetal life are 
flattened out and bandlike. When these knots are 
untied there is left a grooving in the cord which 
curls involuntarily and the jelly of Wharton has 
disappeared at the site. The vessels are com- 
pressed, of diminished caliber, and the vessel 
walls hypertrophied. The section of the cord prox- 
imal to the knotted area is often oedematous, the 
other end thin, tenuous, and pale. Recent knots 
of parturition, as when the cord becomes coiled 
around the os wleri and the infant is drawn 
through the loop or when the fetus passes through 
a loop spread out in the lower uterine segment, 
show no anatomical changes, except possibly a 
little cedema on the fetal side of the cord. 
ILLUSTRATIVE CASES 

Case 1. V. C., female, white, 34 years of age, who had 
previously given birth to two children, was delivered at 
full term of a normal male child weighing 10 pounds, 3 
ounces. The pregnancy was uneventful. Fetal life was 
normal. Ten days prior to admission to the hospital some 
pain had been felt with unusual fetal activity which de- 
creased without much perceptible motion since this time. 
At birth the cord was found to be tied in a knot of the type 
illustrated in Figure 2, commonly called a lover’s or sailor’s 
knot. 

The mechanism of the formation of such a knot 
admits of two possibilities: 

Method A, Figure 4: 1, The fetus is pictured in 
the uterus in upright position. The cord has 
formed a noose at one side of the fetus and part 
of the cord is draped over the left shoulder with 
the placental end crossed over the fetal end. 2, 
The fetus dives forward so that the fetal end of the 
cord passes over his head and the placental end 
beneath his chin. 3, The somersault of the fetus 
is half complete. The head is beginning to pass 
through the loop. 4, The fetus is twisted slightly. 
The head and shoulders have passed through the 
loop. 5, The fetus is through the loop and again 
in upright position. The knot formed is a lover’s 
or sailor’s knot. 

Method B, Figure 5: 1, The fetus is in upright 
position with two strands of the cord passing in 
front of the fetus and a loose coil at the left side. 
2, The fetus has made a half-twisting of the body 
toward the loop with the placental end of the 
cord lying over the fetal end. 3, The fetus has 
turned completely around forming a second coil 
about the body. 4, The fetus somersaults for- 
ward passing head first through coil and loop. 
5, The somersault is half complete. 6, The knot 
is completed, being the same type of knot as that 
formed by method A. 
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Fig. 1. Umbilical cord of fetus of 4 months’ pregnancy 
presenting gr twists. 


CasE 2. R. B., female, white, 42 years old, gave birth 
to male twins by spontaneous delivery May 30, 1930. One 
twin weighed 6 pounds, the other 6 pounds, 5 ounces. 
They were similar twins in the same amnion without divid- 
ing septum, born by breech presentation. The membranes 
ruptured before admission to the hospital. X-ray of the 
abdomen on May 28 showed the presence of twins in the 
uterus. At this time the fetal heart beat was perceptible. 
Pregnancy was uneventful. At delivery it was discovered 
that the umbilical cords were intricately knotted. 


Twins in one amnion often have intertwined 
cords but rarely intricate knotting. Figure 3 
shows the knotting and intertwining of the cords 
of these uniovic twins. 

The effect of the knotting of the umbilical cord 
on the life of the fetus has been the subject of 
much controversy. Guinness reports a case in 
which a knot in the cord caused acute hemor- 
rhage. The mother during the second pregnancy 
and just before parturition was seized with con- 
tinuous but not severe hemorrhage. No signs 
of placenta previa were present. No fetal heart 
sounds were audible. After the vagina was tight- 
ly packed the child was stillborn in vertex pres- 
entation followed by blood clots and placenta. 
The cord, longer than the average, contained a 
single complete knot which blocked fetal circu- 
lation and caused the separation of the placenta 
and hemorrhage before labor set in. Some days 
previous to entrance the patient had complained 
of great fetal activity which suddenly ceased. 

Kittler reports a case in which a woman 
strained herself during the third month of preg- 
nancy by reaching for a door knob to save herself 
from falling. She was delivered prematurely dur- 
ing the seventh month. About the body of the 
dead fetus was a lasso knot so tightly drawn that 
the abdomen bulged markedly above and below 
the cord. 














Fig. 2. Umbilical cord tied in a sailor’s or lover’s knot. 


An interesting case of knotting of the cord 
without injury to the child is one reported by 
Fleming. A woman, 28 years of age, was delivered 
at full term of a large, healthy boy. The cord con- 
tained two knots, one a figure-of-eight located 
about one foot from the placental end, the other 
a single knot at about the same distance from the 
umbilical end. The cord was 4 feet long and both 
knots were loosely tied. Fleming had discovered 
single knots in the cord in previous cases but 
never two knots in the same cord. In von Hecker’s 
31,590 cases there were 115 instances of cord 
knotting and in no case had the knot affected the 
child’s development in any way. McCormick de- 
livered with low forceps a primiparous patient. 
The baby was fully developed and unasphyxiated. 
The cord presented a knot in the form of a rather 
loose figure-of-eight. In the prenatal history there 
was only one possible cause of the knotting of the 
cord: at 7 months’ gestation the patient had 
fallen, the effects of which necessitated hospitali- 
zation for five days. 

From the few cases in the literature it may be 
inferred that knotting of the cord has caused the 
death of the fetus in about 50 per cent of occur- 
rences. Knots formed during delivery are almost 
never serious. If knots are formed in early ges- 
tation, they are more apt to prove fatal by trac- 
tion on the cord producing asphyxia. Sometimes 
they may be tight enough to interfere with the 
development of the fetus when the constant pul- 
sation of the cord and the resulting turgescence 
may prevent a tightening of the cord to the point 
of asphyxiation. Certainly if the knots are slack 
they have no effect on fetal development, and von 
Winckel believes that they can never be drawn 
tightly enough to interfere with the circulation 
until labor begins. Baudelocque found in one 
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Knotting and interlacing of cords of similar 


Fig. 3. 
unlovic twins. 


cord two double knots so tightly drawn that 
when the cord was finally untied a deep groove 
remained at the site of the knot, yet the child was 
normal. Chantreuil affirms that tight knots can 
cause death or emaciation of the fetus from 
undernourishment. 

To throw some light on the problem, Tannier 
performed an interesting experiment. He made 
a knot in an umbilical cord and pulled it as tightly 
as possible. Then he pumped fluid into the cord. 
He found that fluid would always pass through 
the knot, which partially untied itself when the 
vessel in front of the knot became swollen enough 
to exert pressure on the cord. He came to the 
conclusion that the fetal heart could in every in- 
stance exert a degree of pressure sufficient to 
maintain the fetal circulation. 

Browne went a step farther with the same sort 
of experimentation. By applying different weights 
and pressures to the knotted cord he showed that 
under certain conditions more pressure was re- 
quired to force the fluid through the knot and 
that this pressure was greater than the fetal heart 
could exert; he concluded, therefore, that in some 
cases a knot did interfere with and even com- 
pletely obstruct cord circulation. 
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Fig. 4. Method A. 


The separate cords of twins provide excellent 
opportunities for unusual twisting, interlacing, 
and knotting, especially when the two fetuses are 
encased in one amnion without a dividing septum. 
Rossier reports a case with excellent illustrations 
of univitelline twins whose cords were interlaced 
and intricately knotted. Sonntag collected 23 cases 
of entwined and knotted cords in single amnion 
pregnancy. In 2 cases only, both of the twins 
lived. In 1 of these 2 cases the cords were both 
twisted and knotted, in the other, merely knotted. 
In 5 cases 1 of the twins lived and was born at 
term; in 4 of the cases both interlacing and knot- 
ting were present. The rest of the cases, 16 in 
number, were miscarriages at from 4 to 5 months, 
in which all but two of the cords showed inter- 
lacing and knotting; in these two, knots only were 
formed. Freund reports a case of mono-amniotic 
twins who died after 6 months’ pregnancy. One 
cord longer than the other had encircled the 
shorter one three times and then looped itself 
over it to form a single knot. The first circling of 
the cord was so tight that the cord was compressed 
markedly. According to Rosenburger, one mono- 
amniotic twin pregnancy occurs in 60,000. Sachs 
reports a case of five knots in the cords of twins in 
one amnion and calls the condition extremely rare. 
Gornick reports finding many conglomerate knots 
in the cords of mono-amniotic twins of 8 months’ 
pregnancy. The female child was delivered first, 
badly asphyxiated. The second child, male, could 
not be revived, its respiration being cut off by the 


Method B. 


Fig. 5. 


torsions and knottings. The author stated that in 
only 4 of 16 cases in his experience were the twins 
born alive. In 7 cases one child lived, and in 5 
both died. Kauffmann reports the spontaneous 
birth of living male twins in a single amnion with 
no separating membrane, whose cords were tied 
in a double sailor’s knot. 

In his report of 3 cases of death of the fetus 
owing to abnormalities of the umbilical cord, 
King makes the suggestion that more such cases 
be reported. In this way it will become possible 
to arrive at a more accurate estimate of infant 
mortality from this irremediable anomaly. 
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PRESENTATION OF A SMALL, SIMPLE APPARATUS FOR ELECTROCOAGULATION! 


HUGH H. 


PYNHE use of the high frequency electrical cur- 
rent, which was introduced into medicine 
some 25 years ago, received its greatest 

impetus from urologists, who have demonstrated 

its great usefulness, particularly in the treatment 
of vesical tumors. This work, which has revolu- 

tionized intravesical neoplastic surgery, led to a 

further development known as diathermy, which 

has been applied to practically all branches of 
medicine and surgery. Then came another de- 
velopment of electrosurgery, the electric scalpel, 
and numerous articles have appeared from enthu- 
siasts, who have predicted a rapid replacement of 


the cutting scalpel. As a result of intensive experi- - 


mental work by Bovie and others, the range of 
current and extension and usefulness of high 
frequency electrosurgery have been greatly in- 
creased, and in the past 2 years the literature on 
this subject alone has filled many pages of the 
medical journals here and abroad. Leaders in the 
profession have come forward to approve of its 
use in almost every type of surgery. A mention 
of the various articles is impossible, but we may 
refer in passing to papers by Harvey Cushing 
and Charles A. Elsberg on electrosurgery in the 
removal of intracranial tumors, Matson on the 
cauterization of adhesions in artificial pneumo- 
thorax, F. M. Mikells on the treatment of lesions 
of the cervix, L. Davis and B. N. Groen on its 
use in neurological conditions, H. E. Mock in 
thyroidectomy, G. A. Wyeth in various neoplastic 
lesions, Howard A. Kelly, John Anderson, and 
G. E. Ward, and others in general surgery, 
particularly the surgery of very hemorrhagic 
organs, such as the liver, spleen and kidney, and 
finally A. J. McLean, who has discussed the 
underlying principles and results obtained by the 
Bovie electrosurgical current generator. Most im- 
portant is the recent book by Kelly and Ward. 
Of great interest has been the development of 
various modifications of my prostatic ‘*punch”’ 
with different types of electrocoagulation and 
cautery. In these various papers it has been dem- 
onstrated that comparatively bloodless surgery 
could be carried out rapidly and effectively by 
electrosurgery. 

I have been greatly impressed with the value of 
electrosurgery in arresting hemorrhage, par- 
ticularly in the cortical bleeding which occurs 
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in the kidney and in the replacement of ligatures 
where possible. I have not been convinced that 
in the ligation of blood vessels of any size electro- 
surgery should be used instead of the safe and 
certain methods of ligation. But in extensive 
operations which would ordinarily require great 
numbers of ligatures from small bleeding points, 
the value of electrosurgery is great, if the tech- 
nique adopted is such as to leave a minimum 
amount of destructive tissue change. Ligatures 
themselves are recognized as distinct impedi- 
ments to perfect wound healing. Years ago Dr. 
Halsted was most insistent on the great advis- 
ability of picking up with artery clamps very 
small bits of tissue for ligation, and the avoid- 
ance of mass ligation, which leads to the necrosis 
of large areas of tissue and consequently endangers 
proper wound healing. To minimize the amount 
of tissue clamped and ligated, he brought out 
the pointed Halsted clamp and subsequently the 
mosquito clamp, with which very small amounts 
of tissue are picked up and ligated. By means of 
his very careful hemostatic methods and the 
avoidance of mass ligation, Halsted had been 
able to obtain perfectly dry wounds, discarding 
drainage tubes and thereby obtained perfection 
in closure and healing which had rarely been 
accomplished before. The great advantage of 
complete hemostatis, as insisted upon by Dr. 
Halsted, has been abundantly proved. The one 
disadvantage has been the considerable lengthen- 
ing of the operative procedure as a result of such 
meticulous care. When it is possible for the 
surgeon to proceed with his operation, the bleed- 
ers on each side of the wound being rapidly 
caught and clamped by expert assistants, little 
or no delay is encountered-until the time for 
ligation of the bleeding points occurs. Here one 
is often uncertain just what points need ligation, 
and which clamps may be safely removed with- 
out a ligature. As a matter of fact, the mere 
compression caused by a clamp, which has 
remained im situ for some time, is often sufficient 
for hemostasis. The importance of avoiding large 
numbers of ligatures is self-evident. With a 
wholesale removal of clamps numerous bleeders 
are encountered, the wound becomes stained and 
subsequent placing of clamps and ligatures is 
time consuming. The advantage of some method 














by which hemostasis could be obtained without 
the placing of ligatures, and at the same time 
without injury of the tissues is obvious. For this 
purpose the application of the high frequency 
electrical current has shown great possibilities, 
but as already stated, it must be done so lightly 
and delicately as to do nothing more than to 
cause sufficient adhesion of or alteration in the 
tissues to prevent opening up of the bleeding 
points, and at the same time to avoid necrosis 
sufficient to impair or retard wound healing. 

In the development of the wonderful apparatus 
which has gone on apace, various types of current 
and variations of intensity are now afforded, so 
that if the operator will take the trouble to 
master the subject, he has at hand a great 
opportunity for the useful employment of 
electricity in his surgical work. 

With the constantly changing personnel in the 
surgical resident staff, however, visiting surgeons 
find considerable difficulty in keeping the incom- 
ing men informed as to the complexities of the 
apparatus in use. It has, therefore, seemed to me 
to be of prime importance that the whole elec- 
trical armamentarium be simplified and stand- 
ardized as much as possible. With the active co- 
operation and expert advice of the manufacturers, 
efforts have been made to simplify and make 
cheaper the apparatus necessary for satisfactory 
electrosurgery. The object has been to construct 
and standardize the apparatus so that perfect 
duplication of performance can always be de- 
pended on, and that no extraordinary electrical 
or mechanical aptitude is required of the surgeon; 
also to reduce the cost so that this great advance 
in surgery could be more universally adopted. | 
will not attempt to describe in detail the small 
compact machine to which the final model has 
been brought, as shown in Figure 1. The entire 
mechanism is encased in a wooden cabinet a little 
over one foot cube. There is only one adjustment, 
namely the lever which regulates the amount of 
power. The position of this lever shows one, at a 
glance, approximately how much output power it 
is set for. The spark gaps are fixed, and require no 
adjustment or attention. They will need com- 
pensation for wear about once every five hundred 
operations, and should have a_ useful life at 
least four times that great.' The entire gap as- 
sembly can be replaced in one unit at a minimal 
expense. A special arrangement maintains con- 
stantly accurate spacing of the spark gaps, 
irrespective of expansion and contraction of the 
metal due to temperature changes while in 


1 Much of these details have been furnished by the Liebel Flarsheim 
Company, Cincinnati, Ohio. 
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Fig. 1. High frequency electric apparatus or “coagu 
lator” designed by Liebel Flarsheim in conjunction with 
the author, 


operation. This is very vital in obtaining uniform 
reproducible results. 

A very important feature is that all of the 
voltage of the electric circuit is developed in onee 
direction. In other words, the terminal marked 
“patient” is substantially at earth potential, so 
that the surgeon can touch any portion of the 
patient without danger of the high frequency 
current backing up and puncturing his glove or 
burning his tingers. The electrical circuits are 
completely ground free, and therefore shockproof. 
The patient need not be especially insulated from 
any metal objects, although where the patient 
does come in contact with the metal, this con- 
tact should be a good one to prevent sparking or 
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burns from a slight amount of “‘static’’ always 
present when high frequency apparatus is in use. 
A new device, by which the lever controlling the 
amount of current is locked in place, so that it 
cannot be moved by the accidental touch of an 
assistant during the operation, is an important 
feature. Into this lever a glass rod can be inserted 
and locked. It is sterilized with the instru- 
ments, and put in place at the beginning of the 
operation. The cords, electrodes and _ their 
holder are also sterilizable, and when not in use 
are held in the sterilizable rack, as shown in 
Figure 1. In order that the operator may have at 
hand several different types of electrodes ready 
for instant use, three such cords with operating 
handles are provided in addition to the cord which 
is attached to the metal plate upon which the 
patient lies. 

When the surgeon has determined exactly the 
amount of current required for the type of work 
he is going to do, it is only necessary to set the 
lever at this point on the numbered scale in order 
to have exactly the same current at each opera- 
tion. The length of time for each application of 
the electrode, of course, will vary according to 
the situation, and that alone will come with 
surgical experience. The object of the surgeon 


should be to use no more current than necessary, 
and for as short a period as will accomplish what 
he wishes. I found the apparatus most valuable 
in replacing ligatures for the arrest of haemorrhage 





Showing method of applying electrode momentarily to arrest bleeding point. 


from bleeding points that have been clamped 
during operation. When it is desired to remove 
these clamps, the operator and staff can carry 
out an extremely rapid technique in which the 
assistants have the clamps elevated in position, 
and the operator touches only momentarily each 
clamp (Fig. 2), which is then removed by the 
assistants. In this way some fifty clamps can 
often be removed in a minute. The electrical cur- 
rent hardly does more than to cause a sealing of 
the bleeding points and very little destruction of 
tissue or actual necrosis. In cases in which the 
mass of tissue is larger and in which the mass con- 
tains vessels of distinct size, a little longer contact 
of the electrode upon the shaft of the clamp is 
necessary, but here again the operator should aim 
to avoid any more tissue injury than is absolutely 
necessary. If arteries or veins of importance are 
encountered, they should usually be marked for 
ligaturing with catgut or silk, but even in these 
cases with care it is often possible with the 
electrode to obtain hemostasis and satisfactory 
sealing of the vessel. The use of the electrical 
current in such cases will have to be guided by 
the experience and prudence of the surgeon. In 
important operations it is wise not to take any 
chances lest this important advance in surgery 
be discredited. 

Electrosurgery has apparently revolutionized 
hemostasis in brain surgery and is one of the 
greatest advances in modern neurosurgery. In 
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operations upon the cortex of the kidney, we have 
long used some form of electrosurgery to avoid 
great hemorrhage. The ordinary electrocautery 
has for this purpose been valuable, but the use of 
electrocoagulation by the high frequency current 
is still more valuable, and G. Ward deserves much 
credit for his demonstration of the great value of 
both the electric scalpel and the high frequency 
snare in removing portions of the kidney (and 
also spleen and liver) and in the avoidance of 
hemorrhage. The only objection to the more 


considerable electrical current which is necessary 
to carry out such procedures is that tissue coagu- 
lation extends more deeply than in the trivial 
destruction necessary for cessation of hemorrhage 
by the light application of the current to clamped 


“ 


areas, but as Ward has shown, even though such 
areas are not approximated by sutures, healing 
of the kidney wound is satisfactory. Further 
experience may be necessary to determine 
whether it is safe to do away completely with 
ligatures of the important vessels in the renal 
tissues, which have been arrested by the electrical 
snare or knife. I have found this apparatus 
particularly adapted to the fulguration or electro- 
coagulation of vesical tumors by means of the 
cystoscope or suprapubically. The manniac- 
turers have, I believe, obtained in a marked 
degree the desiderata of simplicity, complete- 
ness, transportability, and marked reduction in 
price, everything which they were asked to ac- 
complish. 
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nosis has made the finding of diverticula of 

the bladder far more simple than formerly 
when they were found only at necropsy or acci- 
dentally at the time of operation on the bladder. 
It was not until 1906 that Young added 3 cases 
to the 5 that had been reported in which diver- 
ticula had been successfully excised. Now, with 
recognition of obstruction of the vesical neck, in- 
fection within the bladder, and due regard to renal 
function, surgical treatment has become fairly 
common. 

Diverticula of the bladder occur with all types 
of obstruction of the vesical neck, but not all 
cases of obstruction are associated with diver- 
ticula. Why this is so, and why good results are 
obtained in certain cases and in others the pa- 
tients must almost continually be under the 
watchful eve of their physician remains to be 
determined. 


g PROVEMENT in methods of urologic diag- 





excision of diverticulum of the 


Extravesical 


Fig. 1 
bladder 


REVIEW OF MATERIAL 

In the 30 cases chosen for this review, opera- 
tion had been performed by one of us (Walters) 
in the course of the last 3 years. All of the cases 
have been studied in detail. A few were chosen 
for presentation because of some marked feature 
of interest in the observations, operation, or end- 
results. 

Age. Sixty years was the average age of the 
patients. Five patients were aged less than 44 
years, 4 of whom were in the fourth decade of life; 
in these 5 cases there were several features in 
common. The ages were 34, 37, 38, 38, and 43 
years, respectively. The youngest had the short- 
est history, that of trauma to the perineum 4 
months previously, with later retention of urine. 
The next older had sudden complete retention 
from urethral stricture and could not be cathe- 
terized. One of the patients aged 38 years had 
had flakes and pus in the urine for years. The 
other patient who was aged 38 years, and the pa- 
tient who was aged 43 years had had difficulty in 
emptying the bladder for 18 and 20 years, re- 
spectively; the latter noted burning on urination 
at the age of 6 years. Therefore, young adults 
with diverticula had had obstruction at the vesi- 
cal neck of long standing, or obstruction of the 
urethra had occurred from trauma. 

Symptoms. The complaint of all the patients 
was urinary obstruction. The average duration 
of the complaints was 8.7 years, indicating that 
the process, as a rule, was rather prolonged. 
More than half of the patients complained of 
nocturia and frequency as the most prominent 
symptoms. In an equal number there was diffi- 
culty in urination, such as slowness in starting the 
stream, and a feeling that the bladder was not 
empty. Painful urination and burning were usu- 
ally late symptoms and were accompanied by 
pain in the bladder and in the perineum. Hema- 
turia was uncommon, whereas cloudy urine was 
noted by the patient in about a third of the 
cases. 

Observations at examination. A high degree of 
infection of the urine was noted in all but 4 of the 
cases. 














Fig. 2. 
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At left, diverticulum in region of left side of dome of bladder. 





Both bladder and diverticulum 


filled with opaque solution; at right, diverticulum resected, disclosing stones. 


Even though it seemed that the diverticula 
were associated with prolonged obstruction at the 
neck of the bladder, the phenolsulphonephthalein 
test indicated good renal function, as a rule; in 
most cases 40 to 50 per cent of the dye was ex- 
creted in 2 hours. In cases in which renal func- 
tion was not good, suprapubic drainage seemed to 
restore satisfactory ability to excrete the dye. 
This indicated that renal injury probably was not 
permanent. Other tests of renal function, such as 
determination of blood urea, were parallel. 

The quantity of residual urine in the bladder 
was large; 12 ounces (350 cubic centimeters) was 
the average. In only one case was residual urine 
absent. In 1o cases the bladder was so distended 
as to extend above the symphysis pubis. 

Cystoscopy and cystography. The cystoscope or 
the cystogram was used in all of these cases, and 
thus, accurate knowledge of the condition within 
the bladder was known before operation. Since 
the cystogram has become common in the visuali- 
zation of the bladder, the accidental finding of 
diverticula at operation is almost unknown. By 
combining the use of the cystoscope and the cysto- 
gram, the surgeon can outline his course of attack 
before the bladder has been opened. 

Associated lesions. Because we believe that 
diverticula are caused by congenital weakness of 
the bladder that is manifested because of the ob- 
struction, a study was made to see how much 
evidence of other abnormalities could be found. 





The result was unexpected. Almost half of the 
patients had hernias of some sort, that had been 
present all their lives or had developed following 
some other operation or injury. The hernias were, 
in the order of frequency, inguinal, ventral, um- 
bilical, femoral, and diaphragmatic. Obesity was 
marked in about a third of the cases. Diabetes 
was found in 3 cases and unilateral complete du- 





Large diverticulum arising from right wall. 


Fig. 3. 
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Fig. 4. 


plication of the renal pelvis and of the ureter was 
found in 1 case. The great number of hernias 
present makes it appear that congenital weak- 
ness of the tissues has something to do with the 
development of diverticula, and that congenital 
anomalies may account for a smaller number. 
Multiple diverticula were found in 7 cases. 

Types of obstruction at the vesical neck. Diver- 
ticula of the bladder in adults practically always 
are seen in the presence of obstruction at the 
vesical neck. This no doubt accounts for the fact 
that a very large proportion of the patients with 
diverticula are men. All of our patients were 
males. Judd, in 1924, reported a series of 133 
cases, only two of which affected women. Thus, 
it appears that weakness of the musculature of 
the bladder, either due to congenital defect or 
anomaly, together with the mechanical factor of 
obstruction, is the first cause of diverticula. 

In more than half of our cases (17), definite 
fibro-adenomatous hypertrophy of the prostate 
gland made prostatectomy advisable as may be 
noted in Cases 4 and 5. However, the smaller the 
prostate gland appeared to be at operation, the 
longer the symptoms seemed to have been present. 

A definite median bar (Cases 1 and 6), formed 
of the substance of the prostate gland itself, or by 
inflammatory tissue, was noted in 5 cases. 

Cicatricial contraction of the vesical neck may 
occur (Case 3), and can be remedied by a plastic 


At left, large diverticulum equal to bladder in size; at right, two diverticula resected. 


procedure on the vesical neck at the time of di- 
verticulectomy, by a subsequent punch operation, 
or by incision with the Collings knife. There were 
4 such cases in this series. 

In cases in which there is a long history of diffi- 
culty, and there is no evidence of prostatic hyper- 
trophy or of a median bar, a chronic cicatricial 
posterior urethritis with obstruction of the vesi- 
cal neck may be present (Case 2). In these cases 
excision or dilatation of the urethral structure is 
necessary for relief of symptoms. Four of our 
cases fell into this group. 


OPERATIVE PROCEDURES 


Excision of the diverticulum is the only opera- 
tion which gives uniformly good results. The 
pouch-like structure, depending on its size, its 
accessibility, or its situation, can be excised by 
one of three methods: (1) extravesical, (2) trans- 
vesical, or (3) intravesical. The operation that 
can be applied divides the cases into three groups. 


EXTRAVESICAL EXCISION AND ILLUSTRATIVE 
CASES 

Extravesical excision (Fig. 1) is usually applied 
to large diverticula that can be separated from 
the surrounding structures by careful dissection. 
It was employed in 19 of our cases. 

The bladder is incised, and the opening or neck 
of the diverticulum is found. The surrounding 

















At left, circular incision around neck of diver- 


Fig. 5. 
ticulum; at right, transvesical dissection of sac of diver- 
ticulum. 


tissues are then thoroughly protected with gauze 
packs. The pus and urine are swabbed out of the 
pouch. The diverticulum is thoroughly cleansed 
from within with 2.5 per cent aqueous solution of 
mercurochrome. 

Many ingenious methods have been devised 
for holding the diverticulum open during dissec- 
tion. Lerche suggested the method of inflating a 
small rubber bag, after inserting it into the di- 
verticulum. Lower suggested packing the diver- 
ticulum full of gauze, so that it may be well 
outlined, or traction may be exerted by fingers 
inserted into the sac, and the dissection can be 
made by bimanual manipulation. Large diver- 
ticula are almost always adherent to the ureter. 
A ureteral catheter inserted into the ureter will 
assist in identification and aid in avoiding injury. 

The diverticulum is dissected free from sur- 
rounding tissues and is excised at the neck. The 
vesical mucous membrane is then closed by su- 
tures over which the vesical muscle is approxi- 
mated by two rows of interrupted sutures of 
chromic catgut. The ureteral catheter can then 
be removed. It is usually advisable to place a 
drain in the perivesical space at the point where 
the sac was dissected free. The bladder is then 
temporarily drained by means of a catheter car- 
ried out the suprapubic incision. 


CasE 1. A man, aged 56 years, had a huge, multilocu- 
lated diverticulum which contained many stones. He gave 
a long history of obstruction of the vesical neck due to a 
median bar. A stone had been removed from the bladder 
in 1920 after 4 years of difficulty. For 6 years he had had 
frequency, and burning on urination. In the 6 to 9 months 
before his registration, he had experienced difliculty in 
starting the stream and had lost 25 pounds. The bladder 
was distended upward as high as the umbilicus. The con- 
centration of urea in the blood was 62 milligrams in each 
100 cubic centimeters; roentgenograms of the region of the 
bladder gave evidence of multiple vesical calculi; a cysto- 
gram (Fig. 2) disclosed a large diverticulum 6 by 4 centi- 
meters in various diameters, arising from the dome. 

At operation, October 10, 1930, a huge diverticulum 
(Fig. 2) 7.5 and 5 centimeters in various diameters was 
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Fig. 6. Diverticula arising from right and left sides of 
bladder. The bladder is empty. 


found lying on top of, and mesial to, the left ureter. The 
diverticulum, which contained two stones, was removed by 
the extravesical method. The patient gained 15 pounds in 
weight in 18 days but there was difliculty in getting the 
wound to heal. A transuretheral punch operation was per 
formed November 5, a fibrous median bar being removed. 
There did not seem to be any fibro-adenomatous hyper- 
trophy of the prostate gland. 

Case 2. A man, aged 38 years, had been troubled by 
straining on urination for 15 or 20 years. He had a feeling 
that the bladder did not empty. Dilatation of a urethral 
stricture had given some relief. There was cystographic 
evidence of a diverticulum, arising from the right wall of 
the bladder, equal in size to the bladder (Fig. 3). Chronic 
cicatricial urethritis was present, and there were 9 ounces 
(270 cubic centimeters) of residual urine. 

At operation, September 23, 1930, a diverticulum, 7.5 
centimeters in diameter, arising from the right wall of the 
bladder about 1.5 centimeters from the right ureteral ori- 
fice, was removed by extravesical excision. The postopera- 
tive course was normal for 21 days and the suprapubic 
wound was dry. On the twenty-second day there were 
chills and fever, which disappeared following drainage of 
the bladder by means of a catheter. Removal of the ure 
thral catheter was followed with urinary retention and re 
turn of chills and fever; the patient became weak and the 
value for urea in the blood mounted to 214 milligrams in 
each 100 cubic centimeters. Vomiting and gastric reten 
tion were noted on the fortieth day after operation. The 
suprapubic tube was replaced; fluids were given by vein 
twice a day; gastric lavage was carried out twice a day, and 
the value for blood urea returned to normal in 2 weeks. 

The patient was sent home on the sixtieth day after 
operation, wearing a suprapubic tube, to return for opera- 
tion on the vesical neck later. He was seen 2 months later; 
then his weight was returning to normal and he felt bet- 
ter, but the value for blood urea was still elevated to 76 
milligrams in each too cubic centimeters. Operation was 
deferred. 
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Fig. 7 a. Huge diverticulum on left wall of bladder, and smaller one on right; b, diverticulum resected; it was equal 


to the bladder in size. 


Case 3. A man, aged 48 years, had noticed increasing 
frequency and nocturia for 3 years before his registration 
at the clinic. He also had difficulty in starting the urinary 
stream, straining on urination, and cloudy urine. Pus in 
urine was graded 3. The bladder was huge, and the cysto- 
gram (Fig. 4) gave evidence of a diverticulum high in the 
median line, 6 and 8 centimeters in various diameters, 
when the bladder was empty, and apparently twice that 
size when it was distended. There was evidence of chronic 
prostatitis and there were 14 ounces (420 cubic centimeters) 
of residual urine. 

January 6, 1926, two diverticula of the bladder were 
found at operation (Fig. 4). The larger lay posterior to 
the bladder, and opened just posterior to the left ureteral 
orifice. This diverticulum had a capacity of about 6 ounces 

180 cubic centimeters). The smaller diverticulum had a 
capacity of 1.5 ounces (45 cubic centimeters) and was 
situated on the left lateral wall, with its opening about 5 
centimeters lateral to the larger one. Both diverticula were 
removed by extravesical excision. 

Convalescence was uneventful and the patient was dis 
missed from hospital on the twenty-eighth day after opera- 
tion. The suprapubic sinus was healed at that time. Two 
weeks later, chills and fever appeared and 5 to 6.5 ounces 

150 to 200 cubic centimeters) of residual urine was ob- 
tained. A punch operation was performed March 9, 1926, 
for contraction of the vesical neck. Two months later, the 
patient said that his health was excellent. One and a half 
years later, he said that the urinary stream was of good 
volume and that it started without difficulty. 


TRANSVESICAL EXCISION AND ILLUSTRATIVE 
CASES 
If there is evidence of marked perivesical in- 
flammation, if the bladder has been previously 
drained and much scar tissue is present, making 
extravesical dissection difficult and hazardous be- 
cause of the possibility of opening the peritoneal 


cavity, and if the diverticulum is not too large, 
the transvesical method suggested by Geraghty 
is indicated. This type of procedure was applied 
in 5 of our cases. 

The wall of the diverticulum is made up of two 
main layers. These are the mucosa, and an outer, 
fibrous layer, between which there are sometimes 
a few muscle fibers. The bladder is opened supra- 
pubically as in the former method and good ex- 
posure of the diverticulum is obtained. A circular 
incision (Fig. 5) is then made around the neck of 
the diverticulum, through the bladder. The 
fibrous ring can be incised in either direction in 
order to facilitate manipulation in dissection. The 
entire diverticulum is removed by a process of 
sharp, combined with blunt, dissection (Fig. 5). 
The muscles of the wall of the bladder are brought 
together by interrupted sutures of chromic cat- 
gut, and the mucosa is sutured over this with 
plain catgut. A Penrose drain may be placed 
temporarily to the outer side of the bladder, and a 
No. 30 catheter is placed in the bladder for supra- 
pubic drainage, and is left in place until further 
operation on the neck of the bladder is done to 
relieve any existing obstruction. 


Case 4. A man, aged 70 years, had had increasing fre- 
quency and nocturia for 2 or 3 years. He felt that the blad- 
der did not empty, and he had noted cloudy urine. On 
examination, arteriosclerosis was graded 2; the prostate 
gland was palpated by rectum and was enlarged (graded 2). 
The amount of pus in the urine was graded 2. A cystogram 

Fig. 6) gave evidence of a hugely dilated bladder, with 
diverticula on either side, of several ounces capacity, which 
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Intravesical removal of diverticulum of bladder. 
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grasping the fundus of diverticulum preparatory to inverting it into bladder. 


did not empty. There was a stone in the diverticulum on 
the right side, and residual urine measured 3 ounces (90 
cubic centimeters). 

At operation, April 21, 1926, two small diverticula were 
noted at the base of the bladder. The right one contained a 
stone about 3 centimeters in diameter, which was removed. 
There was much pus in each diverticulum. The necks of 
the diverticula were widened and the bladder was drained. 
At a second operation, May 24, 1926, the diverticula were 
removed by an approach from within the bladder. Trans- 
vesical dissection was done and the bladder was again 
drained. June 16, 1926, at a third operation, suprapubic 
enucleation of the prostate gland was carried out. Chronic 
prostatitis and some adenofibromatous hypertrophy were 
present. The bladder was found to be clean at this opera- 
tion. 

Convalescence was uneventful. In a letter, received 414 
years afterward, the patient stated, “I am feeling fine and 
am working every day. There is no burning or frequency 
of urination.” 


This case illustrates the excellent results of 
diverticulectomy, with secondary removal of an 
obstructing prostate gland. 


CAsE 5. Aman, aged 66 years, had had frequency, burn 
ing, nocturia, and a slow stream for 15 years. He had had 
acute retention 12 years before his registration at the clinic. 
Arteriosclerosis was graded 3. Vesical dullness extended 
to the umbilicus, and there was 1,500 cubic centimeters of 
residual urine. A left inguinal hernia, and a small umbili- 
cal hernia were present. The proportion of erythrocytes in 
the urine was graded 3, and pus 2. Cystoscopic examina- 


tion revealed cystitis of high grade, with many granula- 
tions. A diverticulum, of greater capacity than the blad- 
der, arose from the left portion of its base. 


May 23, 1928, the diverticulum, which was approxi- 
mately 15 centimeters in diameter (Fig. 7), was removed 
by extravesical dissection. A smaller diverticulum was 
noted on the right wall. The bladder was drained. June 13 
this smaller diverticulum (7.5 centimeters in diameter) was 
resected by transvesical excision. The adenofibromatous 
prostate gland was enucleated at this time. 

The wound healed with difliculty. Marked cystitis was 
treated by lavage and catheterization three times a day. 
A letter, received 2% years later, contained the informa- 
tion that the patient was in good health, that he was pass- 
ing a normal stream, and that he had no symptoms. 


INTRAVESICAL EXCISION AND ILLUSTRATIVE 
CASE 

This method, described by Young in 1906, like 
the one just mentioned, has its virtue in that the 
mucous membrane can be made to separate from 
the wall of the sac rather easily in some cases. 
The procedure is usually applicable to treatment 
of rather small diverticula. In cases in which in- 
fection is present around the sac, resort must be 
had to one of the two former methods. 

The bladder is opened suprapubically and the 
orifice of the diverticulum is exposed. A pair of 
forceps is passed into the orifice of the diver- 
ticulum and the fundus is firmly grasped. Trac- 
tion with the forceps is made toward the interior 
of the bladder and the sac is inverted (Fig. 8) 
into the bladder. The sac is then cut off at the 
neck. The muscles are closed by interrupted su- 
tures. The mucosa is then brought together over 











Fig. 9. Small diverticulum of left wall of bladder. 


this row of sutures. A drainage tube for urine is 
placed in the bladder and the bladder is closed 
around it. Diverticula were removed by this 
method in 4 cases. 


Case 6. A man, aged 37 years, was found to have a 
marked pyuria. He had bilateral inguinal hernias; eryth- 
rocytes in the urine were graded 1, and pus 4. A cystogram 

Fig. 9) gave evidence of a smooth diverticulum of the left 
wall of the bladder. On cystoscopic examination this di- 
verticulum appeared to be 2 by 2.5 centimeters. Chronic 
prostatitis was present, and there was a bar, graded 2, at 
the neck of the bladder. 

October 10, 1930, the diverticulum was pulled into the 
bladder (inverted) and excised; the median bar and poste 
rior lobe of the prostate gland were removed. The supra- 
pubic tube was removed on the tenth day. The wound 
healed readily. October 28, 1930, bilateral herniorrhaphy 
was performed. 

November 18 the patient was dismissed from observa- 
tion. At that time, the urine was clear, and the patient was 
feeling well. 

RESULTS 

In more than two-thirds of the cases in which 
the diverticulum was removed the results were 
good. In 2 cases the results were fair; the patients 
were relieved of most of the troublesome symp- 
toms. Five patients continue to complain of 
dysuria. The latter group consisted of the case 
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in which the vesical necks were the site of inflam- 
matory cicatricial change, with or without accom- 
panying posterior urethritis. Removal of a por- 
tion of this sclerosed vesical neck by the punch 
operation did not always serve immediately to 
relieve the urinary retention, possibly because of 
the surrounding inflammatory tissue and possibly 
because there may have been some fundamental 
abnormality of neuromuscular control of the blad- 
der. This group included most of the younger 
men. 

The best results occurred in those cases in 
which the obstruction at the vesical neck was 
thoroughly removed, either at the time of diver- 
ticulectomy, or subsequently. In other words, 
patients with associated hypertrophy of the 
prostate gland, who underwent prostatectomy, 
obtained the best results. Similar results occurred 
in most cases in which a punch operation for ob- 
structing median bar was performed. 


CONCLUSIONS 


Diverticula of the bladder are being found with 
increasing frequency. Surgical treatment con- 
sists of their removal. Successful relief of symp- 
toms after diverticulectomy is dependent on the 
completeness of removal of obstruction at the 
vesica! neck. 
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ALIGNANT tumors of the testicle are 
M rare. According to Keller, who made a 
study of 28 cases in the Municipal Hos- 
pital at Copenhagen, they occur once in 15,000 
cases. Apparently they are somewhat more nu- 
merous in America because in 300,000 cases ad- 
mitted to the Mayo Clinic, 50 cases of neoplasm 
of the testicle were found (22). Primary malig- 
nancy of the epididymis is of even less frequent 
occurrence. In the literature we have been able 
to find reports of only 21 instances of malignant 
neoplasm which were considered to be primary in 
the epididymis. In view of this fact, we wish to 
present the clinical and pathological findings in a 
case of primary malignant teratoma of the epi- 
didymis. 


Mr. F. H., aged 51 years, came to us on August 5, 1928, 
because of a swelling in the right side of the scrotum. A 
few days previously he had experienced a sense of heavi- 
ness in the right half of the scrotum and he stated that the 
right testicle seemed to be somewhat enlarged and slightly 
tender. He had never suffered any acute pain in that 
region, but the mental annoyance caused him to seek 
relief. He had no recollection of any injury to the scrotum. 
There were no symptoms referable to the gastro-intestinal, 
cardio-respiratory, or nervous systems. The family history 
was negative for tuberculosis, cancer, and syphilis. 

The general physical examination showed no essential 
abnormalities. 

The urological examination revealed a slightly enlarged 
right epididymis, of hard nodular consistence and moder- 
ately tender to pressure. The right testicle appeared to be 
normal in size, shape, and consistence. There was no 
fluid in the tunica vaginalis propria. The left testicle and 
epididymis were normal. Rectal examination showed the 
prostate gland to be slightly enlarged, freely movable, and 
smooth; the median commissure was almost obliterated. 
The expressed prostatic secretion contained only an occa- 
sional pus cell. There was no urethral discharge. 

The urine showed a very faint trace of albumin, an 
occasional hyaline cast, and a few scattered separate pus 
cells. Numerous stained smears and animal inoculations 
failed to reveal the presence of tubercle bacilli. X-ray 
studies of the chest showed no evidence of active tuber- 
culosis or metastatic neoplasm. The blood Wassermann 
and Kahn reactions were negative. 

A tentative diagnosis of tuberculous epididymitis was 
made. The patient was admitted to the Miami Valley 
Hospital on August 25, 1928, at which time the operation 
was performed. 

A longitudinal incision, 7 centimeters in length, was 
made on the anterior portion of the right side of the scro- 
tum. The right testicle and epididymis were delivered into 
the wound. There were no scrotal adhesions. The body of 
the epididymis was slightly enlarged, rather hard, and 
definitely nodular. The globus major of the epididymis was 
not involved. The testicle was smooth and of normal size 


and consistence. The epididymis was easily separated 
from the testicle by passing a blunt hemostat between 
them. The epididymis was removed from its testicular 
attachment by cautery. The vas deferens was ligated at 
the level of the external inguinal ring. The scrotal fascia 
was closed by No. o chromic catgut and the skin edges 
were approximated with metal skin clips. 

Pathological examination. The microscopic examina- 
tion of sections taken from the firm yellowish-white mass, 
measuring 5 by 3 by 2 centimeters, revealed a diffusely 
infiltrating neoplasm, in which the predominating cell type 
was a large, round, or spindle-shaped cell with pale, clear 
cytoplasm and a large, hyperchromatic nucleus. Scattered 
here and there were small deeply staining round cells of the 
lymphocytic type. The tubules of the epididymis were 
widely separated by the neoplasm cells. The histopatho- 
logical diagnosis was malignant teratoma, composed of 
highly undifferentiated embryonal cells; this neoplasm 
possessed the histological characteristics of the so called 
embryonal carcinoma with lymphoid stroma. This tera- 
tomatous new-growth was structurally identical with the 
most common form of malignant neoplasm originating in 
the testis. 

Sections were submitted to Aldred Scott Warthin, pro- 
fessor of pathology at the University of Michigan. Doctor 
Warthin’s diagnosis was: ‘Malignant teratoma, of the 
undifferentiated embryonal carcinoma type.” 

The patient was informed of the pathological diagnosis 
and a more radical operation was proposed but he refused 
to submit to any further treatment. 

The postoperative convalescence was uneventful. The 
skin clips were removed on the seventh day and the patient 
was dismissed from the hospital on the tenth day follow- 
ing the operation. 

Nothing more was heard of the patient until May 27, 
1929, when he presented himself to Doctor FE. R. Arn for 
a vague gastro-intestinal complaint and the loss of 15 
pounds in weight. Examination at this time revealed a 
small grapefruit size, firm, nodular mass in the right upper 
abdominal quadrant. Because of the previous history, 
Doctor Arn made a diagnosis of metastatic malignancy of 
the retroperitoneal lymph nodes. 

The general condition of the patient contined to pursue 
a downward course until the time of his death on July 6, 
1929, about 10 months after the operation. 

The pertinent findings at the postmortem examination 
follow: 

The body was that of an undernourished, emaciated, 
senile appearing white adult male, looking much older 
than the stated age. The external examination revealed 
little of importance, except the presence of a completely 
healed linear scar 1 inch in length in the scrotum overlying 
the right epididymis. The spinal cord and brain were not 
examined because of stated restrictions. 

The heart showed no essential abnormalities. Both 
lungs contained localized areas of terminal lobular pneu- 
monia; there were multiple scattered healed tubercles. 
The bronchial lymph nodes contained many healed cal- 
cified tubercles. 

The abdomen contained a large, tirm, whitish retroperi- 
toneal tumor mass which extended from the brim of the 
true pelvis to the inferior surface of the liver. The mass 
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Fig. 1. Photomicrograph of primary embryonal car 
cinoma of right epididymis, showing tubule of epididymis 
in upper left quadrant of photomicrograph. The neoplasm 
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Serial sections of the remaining portion of the right 
epididymis showed no evidence of recurrence of the neo 
plasn Che testicles showed atrophy and vacuolization 
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Fig. 2. Photomicrograph of tissue from right testicle, 
adjacent to site of the primary neoplasm of the epididymis, 
showing atrophy and vacuolization of the germinal epi- 
thelium with aspermatogenesis. There is no evidence of 
testicular neoplasm. 


adrenal, right ureter, head of pancreas, and abdominal 
aorta. (Primary malignant teratoma, embryonal carci- 
noma type, removed surgically 9 months previously.) Right 
obstructive hydronephrosis. Acute terminal bilateral pu- 
rulent lobular pneumonia. Healed pulmonary and bron- 
chial node tuberculosis. Early atherosclerosis. Passive 
congestion and cloudy swelling of all organs. Cachexia. 


he essential features of this case are concerned 
with the development of a primary malignant 
teratoma in the right epididymis. The neoplasm 
was of the type generally considered to be an un- 
differentiated embryonal carcinoma. This type 
of neoplasm commonly originates in the testicle. 
The postmortem examination revealed no evi- 
dence of testicular origin of the neoplasm in this 
case. 

PREVIOUSLY REPORTED CASES 

\ review of the world’s literature reveals that 
only 21 authentic cases of primary malignancy of 
the epididymis have been reported. Abstracts of 
the previously reported cases follow: 

CASE 1 Lente and Jacobus reported the pathological 
examination of a specimen. No clinical history was given 
Che epididymis was destroyed or replaced by a new 
growth which, on section, showed numerous small cysts 
tilled with a thick vellowish matter and clusters of hyaline 
cartilage. The cysts were lined with tessellated epithelium. 
Che semisolid matter was composed of medium sized, 
rounded corpuscles imbedded in a homogeneous matrix. 
Che testicle was normal except for tion of the 
epithelial elements. 

Cast 2. Edwards reports the case of a man aged 50 
vears whose general health had always been excellent until 
iS months previously when he developed gonorrhea. One 
vear later he had rheumatism. Six weeks before admission 


he noticed a pea-size nodule just above the left testicle 
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This increased in size and became painful and when first 
seen by the surgeon had reached the proportions of a 
walnut in the region of the globus major and was accom- 
panied by a smaller tumor in the globus minor. The testicle 
and both masses were tender. Biopsy revealed the tumor 
to be round cell sarcoma. Castration was done. A new- 
growth the size of a marble attached to the posterior sur- 
face of the globus major was removed. The vas deferens 
was also infiltrated. Microscopically, there was an infil- 
tration with small round cells. In places these appeared to 
be undergoing organization but a combination of the 
clinical and histological characteristics appeared to favor 
malignancy. 

CasE 3. Kocher and Langhans. A man aged 50 years 
was operated upon 3 weeks after he first noticed an en- 
largement of the scrotum associated with drawing pains. 
At this time a hard, firm epididymis could be palpated 
behind a normal testicle. Two months after the initial 
operation, castration was done. Soon after this, he de- 
veloped metastasis to the nerve centers and later to the 
skin and lungs. Death occured shortly after the appear- 
ance of metastatic lesions. The diagnosis was primary 
sarcoma of the tail of the epididymis. 

CAsE 4. Kocher and Langhans describe a case of melano- 
sarcoma originating in the tail of the epididymis. This 
growth later invaded the testicle. No further history was 
given. 

CAsE 5. Kocher and Langhans report a case of cysto- 
sarcoma of the epididymis. This consisted of a very thick 
walled cyst in which the epididymal canals could be seen 
between the new formations of round cells. The testicle 
rested on the mass but was macroscopically normal. No 
further history was given. 

Case 6. Rydygier. A 42 year old physician noticed a 
pea-size swelling in the epididymis. As this was associated 
with drawing pains in the pelvis he demanded a castration. 
This was immediately done. The swelling was found to 
have arisen from the head of the epididymis. The growth 
measured 1.5 by 1 centimeter. Microscopically it showed 
the characteristics of a typical melanosarcoma. The cells 
were spindle shaped and were in some places filled with a 
black brown pigment. The epithelium of some of the 
seminal ducts was invaded while many others remained 
normal. Four weeks after the operation the patient re- 
turned and demanded the removal of the remaining testicle 
because he felt a nodule there. This operation was done 
and the pathologist reported a brownish pigmentation of 
the epithelial cells of the epididymis. However, this 
epididymis apparently was not sarcomatous. 

CAsE 7. Bazy (2). A man aged 48 years had noticed 
some enlargement of one of his testicles ever since the 
development of gonorrhceal epididymitis 25 years pre- 
viously. Two months before admission he received an 
injury to the testicle and after that time it increased rather 
rapidly in size. On admission it was the size of a goose 
egg, pear shaped, and of firm consistence except in one 
spot where there was fluctuation. Anti-luetic treatment 
caused no improvement. The glands of the abdomen were 
not enlarged. The testicle and epididymis were removed, 
and the body of Highmore and the epididymis were found 
to be the seat of a small round cell sarcoma. The re 
mainder of the testicle was normal. A subsequent report 

3) states that the growth probably arose in the rete testis 
and from there invaded the epididymis but not the testicle. 

Cast 8. Kolster. A farmer 52 years of age came to the 
clinic because of dyspnoea. A diagnosis of malignant tumor 

{ the mediastinum was made. The autopsy showed a 
round cell sarcoma of the epididymis with metastasis to 
the lymph nodes of the left inguinal region, the nodes 
long the left side of the spine, the left lung, the liver, and 
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the cardiac end of the stomach. One mass in the left 
lumbar region was as large as a child’s head and another 
mass in the mediastinum passed up under the left sterno- 
mastoid muscle into the left supraclavicular fossa where 
it reached the size of a goose egg. The left testicle was 
entirely normal. The primary growth and the metastatic 
nodules all showed the structure of a round cell sarcoma. 

CaAsE 9g. Russell and Wood. A boy aged 15 had had 
three definite injuries to the left testicle. When first seen 
he had a boat-shaped tumor about 4 inches in length in 
the region of the left testicle. About 1 week later a nodule 
appeared in the upper portion of the growth and fluctua- 
tion was noticed. Two days later the tumor was removed. 
It was kidney shaped and weighed three-fourths of a 
pound. The testicle was located behind the mass and was 
found to be normal. Microscopic sections showed the 
new-growth to be composed of large and small round cells 
and spindle cells. The connective tissue stroma was ar- 
ranged in bundles and whorls. 

CaAsE 10. Grasman. A man aged 42 years received a 
crushing injury to the left testicle 6 months prior to 
admission. Three months later he developed a swelling 
which gradually increased in size until it was as large as a 
man’s fist. It was smooth, tense, elastic, and was asso 
ciated with a small hydrocele. At operation a sarcoma 
of the epididymis was found. The testicle was normal 
except for the signs of compression. There was no recur- 
rence 1 year later. 

Case 11. Wrobel reports the case of a man aged 24 
years. Two years before admission he had arthritis com 
plicated by heart trouble. Eighteen months later he ex- 
perienced a recurrence of gonorrhcea. A short time before 
admission he noticed a swelling of the left testicle. This 
was accompanied by pricking pains. The epididymis and 
testicle contained nodules, some of which were as large as 
a hazelnut. The spermatic cord was similar'y involved. 
Castration was done and the microscopic examination 
showed carcinoma of the epididymis. Death occurred 
about 12 years later but the cause of death is not men 
tioned. 

CASE 12. Miyata. A 32 year old man noticed a swelling 
of the left side of the scrotum 3 weeks before admission. 
The testicle was considerably enlarged, hard, and slightly 
tender. There was no swelling of the glands. The condi 
tion was diagnosed as chronic epididymitis and castration 
was performed. The pathological examination showed the 
testicle to be normal but there was a soft, juicy, encap 
sulated tumor about the size of a pear on the epididymis. 
The microscopic diagnosis was sarcoma. 

CASE 13. Spandri. A man aged 8o years noticed a sense 
of heaviness in his right testicle about 1 year before ad- 
mission. This disappeared under treatment but 11 months 
later he developed pain in his testicle, associated with 
swelling. When first seen, the scrotum was enormously 
enlarged. The tumor was smooth and of firm consistence, 
posteriorly. The tumor, spermatic cord, testicle, and epi 
didymis were removed. The testicle was not involved 
The epididymis was about three times normal size and 
was made up of a hard, compact elastic tissue, except in 
areas where it was opaque and of a yellowish color. Micro 
scopically the form and arrangement of the cells, the 
abundant blood supply, the absence of epididymal tissue 
in these masses, and the presence of cartilage indicated 
that this growth was a chondrosarcoma 

Case 14. Colby describes a case of columnar carcinoma 
of the epididymis occurring in a 32 year old man. When 
first seen the left globus major was slightly enlarged but 
distinct from the testicle. Six weeks later the globus major 
had increased in size and the globus minor was invaded 
but the testicle remained normal. ‘The involvement. in 
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creased steadily and it became impossible to say which 
portion of the testicle was involved. At this stage the skin 
and the spermatic cord were involved. Castration was 
done and the specimen was found to be cystic. The 
microscopic examination showed columnar cell carcinoma. 
Che patient was dismissed from the hospital and was not 
seen again for 9 months. At this time there was a mass 
about the size of a fetal head in the left hypochondrium. 
From this time he became steadily worse and death 
occurred 2 months later. Postmortem examination showed 
the abdomen to be tilled with a single, smooth, elastic 
tumor which was cystic and friable and about the size of 
an association football. The origin could not be deter- 
mined. Colby states that he believes carcinoma of the 
testicle frequently arises in the epididymis. 

Case 15. Rowlands and Nicholson. A 46 year old 
policeman suffered from a painful enlargement of the right 
testicle. This organ was always slightly larger than its 
mate, but following an injury 4 months before admission 
it gradually increased in size and became painful. At the 
time of admission there was moderate enlargement of the 
right side of the scrotum. Anteriorly, the swelling was 
smooth, soft, and translucent but posteriorly it was hard 
and somewhat irregular. In the latter position the en- 
larged epididymis could be felt. The testicle was not 
involved. There was slight thickening of the spermatic 
cord. ‘Two weeks after admission the testicle, epididymis, 
and spermatic cord were removed. The wound healed by 
first intention. Nine days after operation edema of the 
right leg was first noticed. The patient developed ascites 
and abdominal pain; death occurred about 7 weeks after 
operation. No autopsy was obtained. Microscopically the 
specimen obtained at operation revealed squamous cell 
carcinoma of the epididymis, tunica vaginalis, and a 
similar nodule in the spermatic cord 

Case 16. Bland-Sutton. A man aged 31 first noticed 
enlargement of his testicle 8 months before admission. 
Since that time it gradually increased in size. The testicle, 
epididymis, vas deferens, and one lymph node were re- 
moved. ‘The enlarged lymph node was situated in front 
of the vena cava on a level with the third lumbar vertebra. 
Che tumor was found to be cystic and to occupy the space 
between the testicle and the epididy mis Microscopically 
the tumor was composed of intercommunicating tubules 
imbedded in a connective tissue stroma. In places hyaline 
cartilage was present and in other places tissue resembling 
unstriped muscle was found. The tubules were lined with 
epithelium some of which was stratified and some of which 
was columnar. The excised lymph node was cystic and 
was in some places lined by columnar epithelium. Bland- 
Sutton regarded this neoplasm as a malignant teratoma. 

Case 17. Sakaguchi. An 18 year old youth first noticed 
some swelling of the left testicle 14 weeks before operation. 
Chis swelling was associated with a varicocele. At the 
first operation the varicocele and as much as possible of 
the epididymis was removed. As the diagnosis was car 
cinoma a secondary castration was performed 3 days 
later. A short time after this the patient was dismissed 
from the hospital. He remained well until 9 months after 
the operation at which time he developed vague pulmonary 
symptoms. Detinite metastasis was found and the patient 
gradually grew worse and died about 5 months after the 

\utopsy showed exten 
lungs and to the retroperitoneal 
and mediastinal lymph nodes 
examination revealed carcinoma which the 
author considered to have arisen in the epithelium of the 
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CAse 18. Barringer reports the case of a man who pre- 
sented upon examination an enlargement of the right 
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epididymis and a fairly large abdominal mass. The pri- 
mary tumor was stony hard and somewhat irregular. At 
operation the spermatic cord was found to be thickened 
and one of its vessels ran into the abdominal mass. The 
tumor was treated by radium but the results are not given. 
The testicle and prostate were perfectly normal. The con- 
dition was diagnosed as teratoma of the epididymis. 

Case 19. LaPointe and Cain. A man, aged 66 years, 
had experienced pain in the left testicle for 2 years. 
Examination revealed a tumor of cherry seed size in the 
tail of the epididymis. This was slightly nodular and had 
the consistence of a slightly thickened cyst. At first this 
was thought to be the result of gonorrhceal epididymitis 
which he had 42 years previously, but, because of pain, 
castration was done. The tumor was made up of irregu- 
larly shaped cellular groups in connective tissue which was 
unaltered except for a slight lymphocytic infiltration. In 
some places the cells were elongated and gave the appear- 
ance of spindle cell sarcoma but there were no embryonic 
blood vessels present. In other places the cells were pris- 
matic in form and were arranged in regular series, thereby 
giving the appearance of a basal cell epithelioma. There 
was no evidence of embryonic canaliculi and there did not 
appear to be any transition between the cylindric cells of 
the normal epithelium and the neoplastic cells. This 
growth was believed to be a case of epithelioma arising 
from the basal cells of the epididymis. The patient was 
well one year after the operation. 

Case 20. Hinman and Gibson (16). In a man, 78 years 
of age, a nodular mass appeared in the left side of the 
scrotum, 11 months before admission. This was accom- 
panied by a slight drawing sensation. Examination showed 
the epididymis to be nodular and of a hard rubbery con- 
sistence. The skin was adherent. No inguinal glands 
could be palpated. Operation revealed the tumor to be 
primary in the body of the epididymis. It was adherent 
to the skin, the median septum, and the base of the left 
corpus cavernosum. Epididymectomy was performed. 

Microscopically the tumor was composed of fibrous tis- 
sue in which were imbedded numerous acini lined by 
epithelial cells. The basement membrane was lacking in 
some places. The consensus of opinion was that this 
growth was an adenocarcinoma of low-grade malignancy. 
The patient was well 8 months following operation. 

Case 21. Scholl and Verbrugge report the case of a 
22 year old man who, 14 months previously, had received 
a severe kick in the right testicular region. Three months 
later the testicle became painful and for 6 months before 
admission steadily increased in size until it reached twice 
the normal size. During this time he lost 12 kilograms 
in weight. Examination showed a hard, nodular epididy 
mis associated with hydrocele. At operation, the testicle, 
epididymis, vas deferens, and their coverings were removed. 
Three months later he returned with a mass of 2 centi- 
meters in diameter at the lower angle of the incision. This 
was removed and X-ray treatment was given. Four months 
later he returned and at this time showed signs of pulmo 
nary involvement. 

Microscopically, the epididymis showed a fibrous tissue 
framework containing numerous spaces filled with atypical 
epithelial cells arranged in an adenocarcinomatous manner 
The testicle was not involved. The vas deferens was in- 
volved in certain areas. 

The origin of malignant neoplasms of the tes- 
ticle and epididymis has been a subject for great 
controversy. One of the outstanding contribu 
tions to this subject was made by Chevassu wh« 
pointed out the resemblance of the large clear 

















neoplasm cells to spermatocytes. Chevassu ex- 
pressed the belief that these cells were derived 
from the epithelial cells of the seminal tubules. 
He gave to these neoplasms the name “semi- 


nome.” Many other investigators, notably Tan- 


ner, Nicholson, Debernardi, and Southam and 
Linell, have referred to these neoplasms as semi- 
nomata or spermatocytomata. 

The microscopic studies made in the case which 
forms the subject of this communication reveal 
the same type of neoplasm as that which com- 
monly arises in the testicle and to which the 
names seminoma or spermatocytoma have been 
applied. The fact that this neoplasm had its 
origin in the epididymis without evidence of any 
neoplasm in the adjacent testicle would seem to 
argue against the possibility that such neoplasms 
have their origin from the germinal epithelium. 

Most pathologists are in agreement with Ewing, 
who states that all of the common neoplasms of 
the testis are of teratomatous nature, in which 
one type of tissue usually predominates, to the 
exclusion of the other teratomatous tissue ele- 
ments. In many of the neoplasms which have 
originated in the testicle or epididymis a multi- 
plicity of tissue elements derived from the three 
germ layers, such as cartilage and bone, skin and 
accessory skin structures, smooth muscle tissue, 
fat tissue, brain tissue, placental tissue, remnants 
of the alimentary or respiratory tract, thyroid 
tissue, indicate indisputably the teratomatous ori- 
gin of such neoplasms. Hinman, Gibson, and 
Kutzmann (15) have found various types of tissue 
associated with areas of so called spermatocytoma 
tissue; these authors conclude that “the term 
‘seminoma’ or ‘spermatocytoma’ must, therefore, 
be regarded as a misnomer, and the contention of 
Chevassu is disproved in favor of Ewing’s theory.”’ 
It seems probable that the great majority of cases 
of primary malignant neoplasm of the testicle and 
epididymis which have been designated as sar- 
comata are in fact embryonal carcinomata. The 
large, spheroidal, spindle-form cells which con- 
stitute the essential element of these neoplasms 
bear a close morphological resemblance to sar- 
coma cells. True sarcoma of the testicle or epi- 
didymis is probably of rare occurrence; Dew’s 
studies lead him to believe that only about 2 per 
cent of such neoplasms should be regarded as 
sarcomatous. 

The embryonal carcinoma of the testis or epi- 
didymis is a rapidly growing neoplasm. In most 
instances it tends to reach a large size within a 
short time. Extensive necrosis of the neoplasm 
cells with hemorrhage, ulceration, and suppura- 
tion is not uncommon. In most instances metas- 
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tasis occurs relatively early. ‘The most extensive 
early metastasis occurs along the spermatic lym- 
phatics to the lumbar retroperitoneal lymph 
nodes. Ultimately, the entire chain of retro- 
peritoneal lymph nodes shows extensive metas- 
tasis. In some cases metastasis may involve the 
tracheomediastinal and cervical lymph nodes. 
Discontinuous venous metastasis is frequent with 
the establishment of metastatic tumors in distant 
viscera. 

The embryonal carcinoma of the testis or epi- 
didymis is one of the most malignant of all neo- 
plasms. The prognosis is particularly unfavorable 
in young individuals. 

TREATMENT 

In view of the fact that metastasis occurs rela- 
tively early in these cases, the removal of the 
testicle, epididymis, and spermatic cord structures 
is usually of no avail. Hinman (13) has proposed 
a more radical operation in which, in addition to 
these procedures, the retroperitoneal and lumbar 
lymph nodes and lymph channels are dissected 
away. In the report of the first 46 cases treated 
in this manner, the operative mortality was 11 
per cent. In a later report, Himan (14) states that 
he has obtained cures in 30 per cent of 79 cases in 
which the radical operation has Leen carried out. 
Cairns (5) reported 74 cases from the London 
Hospital; 55 of these patients were subjected to 
simple orchidectomy, while 19 had the radical 
operation. There was no operative mortality. 
Thirty-three per cent of the patients on whom 
orchidectomy was done were said to have recov- 
ered, while 31.2 per cent of the patients who had 
the radical operation were said to have recovered. 

The majority of investigators incline to the 
belief that orchidectomy followed by radium or 
roentgen therapy offers the greatest hope. The 
embryonal carcinoma appears to be unusually 
radiosensitive. Higgins and others have recom- 
mended primary treatment with X-ray or radium, 
to be followed by orchidectomy, which, in turn, 
is to be followed by a prolonged course of X-ray 
or radium treatment. 

SUMMARY AND CONCLUSIONS 

1. The clinical and pathological findings in a 
case of primary malignant teratoma (embryonal 
carcinoma) of the epididymis are presented. 

2. This neoplasm corresponded structurally to 
the most common form of malignant neoplasm 
originating in the testicle. The origin of this neo- 
plasm in the epididymis renders invalid the theory 
that such neoplasms have their origin in the 
spermatoblasts of the germinal epithelium. 
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3. The evidence appears to be conclusive that 
these neoplasms have their origin in pre-existing 
teratomata, in which one of the tissue elements 
undergoes malignant transformation. 
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CARL LANGENBUCH AND THE 
FIRST CHOLECYSTECTOMY 


HE fiftieth anniversary of the first cho- 

lecystectomy will be celebrated on July 

15, 1932. Carl Langenbuch performed 
the first operation in 1882, and his name has 
been permanently engraved thereby in medi- 
cal history. 

The events leading to the first cholecystec- 
tomy arose in the preliminary work of Teckof 
who first removed the gall bladder of a dog in 
1667. Ettmueller repeated Teckof’s work in 
1670, and Herlin one hundred years later con- 
firmed Teckof’s observations by the removal 
of the gall bladder in cats. Joenisius had re- 
moved stones from a biliary fistula in 1676, 
and Vogel and Bloch in 1774 sectioned a biliary 
sinus to remove some calculi. Recamier in 
1826 introduced a trocar into the gall bladder 
for drainage purposes, and in 1849 he repeated 
this operation successfully. In 1858 Santo- 
padre performed the first cholelithotripsy. 

Jean Louis Petit in 1743 performed the first 
cholecystostomy through adhesions which he 
had artificially created, and in 1867 Bobbs 
performed the first cholecystotomy. Bobbs’ 


operation was accidental, inasmuch as the 
correct diagnosis was not made before opera- 
tion, yet his operative procedure was a new 
achievement which successfully relieved the 
patient. Sims in 1878 published a report of 
the first intra-abdominal cholecystostomy 
which he performed, and thereafter numerous 
authors reported variations of cholecystotomy 
and cholecystostomy until the time of Carl 
Langenbuch’s memorable surgical achieve- 
ment of cholecystectomy in 1882. 

Langenbuch reasoned that as some humans 
had been born without a gall bladder, and as 
the elephant and horse do not normally possess 
this organ, the removal of the gall bladder 
in man should not be injurious. Therefore 
as there was no physiological contra-indication 
to the operation, he developed an operative 
method by studies upon six cadavers. Langen- 
buch finally evolved a technique and recom- 
mended exploration of the abdominal cavity 
through a T-incision, the horizontal bar being 
a transverse incision through the upper part 
of the right half of the abdomen while the 
longitudinal incision followed the outer border 
of the right rectus muscle. Each incision va- 
ried from ro to 15 centimeters in length. The 
colon and the intestines were pushed down- 
ward by means of a large, flat sponge. The 
right lobe of the liver was raised through the 
abdominal wound until it protruded. The un- 
der surface of the liver was then secured be- 
tween the fingers of the left hand and the gall 
bladder was identified with the right. The 
gall bladder was then freed from the liver by 
blunt, finger dissection and silk ligatures were 
applied around the lower end of the gall blad- 
der somewhat above the cystic duct. This 
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was accomplished after exposure of the neck of 
the gall bladder by knife and scissor dissection 
of the peritoneal coat. The section was then 
made between ligatures. Langenbuch stated 
that if the gall bladder was full it could be emp- 
tied by aspiration to prevent possible rupture 
or injury to the sac during cholecystectomy. 
The abdominal wall was then closed, layer by 
layer. 

On July 15, 1882, Langenbuch performed 
the first operation upon man. The patient was 
a 43 year old male upon whom extreme pre- 
cautions were taken to assure asepsis. The op- 
eration was carried out as described and the 
patient got along very well. Two days after 
the operation he began to take liquid diet and 
twelve days after the operation he left his bed 
to be dismissed from the hospital about six 
weeks later. One of the most interesting ob- 
servations in relation to his first cholecystec- 
tomy was his statement that he removed, 
rather than drained the gall bladder, not only 
because it contained stones but because it was 
the type of gall bladder in which stones would 
re-form. 

The performance of the first cholecystectomy 
leads one to inquire into the life of the great 
man who first evolved this operation. Carl 
zangenbuch was born on April 20, 1846, at 
Kiel. He studied at Kiel and Berlin and 
graduated from the latter city in 1869. Im- 
mediately thereafter he went to the Franco- 
German war for a short period and came home 
as assistant to Schuler von Willms in Bech- 
anien under whom his surgical training was 
developed. When only twenty-seven years of 
age he was made surgical assistant at the 
Lazarus-Krankenhaus in Berlin where he re- 
mained until his death, and in which place he 
laid the foundations of his versatile and varied 
career. It is no wonder that he loved this hos- 
pital in which he practiced his art, for it was 
here that he developed his reputation which 


brought credit not only to himself but also to 
his hospital. Indeed it is largely through him 
that the Lazarus-Krankenhaus became the 
greatest in Berlin. Langenbuch’s vision was 
extensive and his work produced a widespread 
influence upon the surgical world. At the age 
of forty-five he published a ‘‘Clinical Treatise 
on Surgery of the Liver and Gall Bladder”’ 
which became the handbook and standard 
work in this subject. 

Early in 1880 he began to section peripheral 
nerves and even trunks in the spinal cord for 
tabes, and he performed a considerable amount 
of experimental work in relation to this dis- 
ease. He resected a large part of the liver for 
carcinoma (the piece weighing 400 grams), 
and he performed a laryngotomy in 1880. In 
1886 he went to the Russo-Turkish war against 
Bulgaria where he became an ardent military 
surgeon and where he developed the specialty 
of veterinary surgery. He published works on 
the stretching of nerves, on diseases of the 
spinal cord, the treatment of gall stones, the 
treatment of severe haemorrhage by the appli- 
cation of zinc chloride, and numerous works 
upon military and veterinary surgery. He was 
without fear as a surgeon, and he had an un- 
usual grasp of the symptoms necessitating op- 
erative interference. 

He possessed a gentle and timid nature but 
had a quiet jocularity that endeared him to 
everyone. He cultivated an interest in politics 
and had a natural curiosity for things of a 
social character. He was extremely patriotic 
and had musical inclinations which balanced 
and protected him from the one-sidedness of 
medicine. He lived happily and, fortunately, 
long enough to enjoy the admiration of his col- 
leagues for the excellent and unusual work 
that he had done. In like manner he lives in 
the memory of the present day, probably glo- 
rified more now than before, and rightfully so, 
for time has proved the merit of his work. The 
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multiplicity of operations performed upon the 
gall bladder about Langenbuch’s time are 
receding in popularity, but Langenbuch’s op- 
eration of cholecystectomy remains steadfast, 
if not indeed the established and preferred 
operation. 


Langenbuch’s life and his greatest achieve- 
ment, i.e., his cholecystectomy, furnish us 
an excellent example of the progress that per- 
sonal character and painstaking experimental 
work produce in the development of new 
methodsin surgery. Stantey H. MENTZER 








MEMOIRS 


WILLIAM WILLIAMS KEEN 


JANUARY 19, 1837—JUNE 7, 1932 


“I believe in God and in Evolution. To all sincere seekers after 
truth: who revere the Bible as the word of God; who revere na- 
ture as the work of God; and who believe that rightly interpreted 
they must surely agree. .. . To develop great men. . . and then 
by death to quench them in utter oblivion would be unworthy of 
Omnipotence. To my mind, it is simply an impossible conclusion. 
Man's soul must be immortal.’’ W. W. Keen. 


Y/WNHE death of this eminent surgeon—the lover of his personal God, a 

patriotic fighter for his beloved country, who wore its uniform in two wars 

(in the Great War at the age of eighty years)—has brought the whole 
thinking world to attention in admiration of a fine and useful life, and the pro- 
fession of medicine mourns with deep sorrow the passing of a beloved comrade. 
His was a devoted service of seventy years in the practice of the great learned 
profession—scientific medicine. He was an ardent supporter of every moral, 
scientific, and progressive advance in civic, state, and national affairs. 

The American College of Surgeons and its official journal, SURGERY, GYNECOL- 
OGY AND OBSTETRICS, acknowledge a personal loss. Dr. Keen was the first 
surgeon of our country to accept and have conferred upon him an Honorary 
Fellowship in the College. He contributed to many of its scientific meetings, and 
lent his inspiring presence at numerous of its annual sessions. He was an early 
subscriber and a frequent contributor to the columns of the Journal. In the 
Great War—the eldest member of the Medical Reserve Corps—he was a per- 
sonal friend. By his pen, his personal contacts, his orations, and his friendly ad- 
vice he was an inspiring aid to those of us who had to do with enrollment for war. 

During his span of life—ninety-five years—his was the rare privilege of 
witnessing and participating in every advance in surgery, and of knowing all of 
the great men in medicine of his day. He began his medical studies in the Fall of 
1860, and graduated in March, 1862. He early “declined to be a champion of the 
Past”? but assumed the réle of ‘‘a Herald of the Dawn.” In 1922, in his oration 
delivered on the occasion of the conferring upon him of the Bigelow Medal, he 
took as his theme Sixty Years of Surgery.!. He compared the poverty of knowledge 

' Boston M. & S. J., 1922, clxxxvil, 592-600. 
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and meagerness of resources in the 60’s with the wealth of both in 1922, and said 
} he wished he could “return in 1982 to converse with the Bigelows, the Grosses, 
the Mayos, the Flexners, and the Lovetts of that wonderful day.” The first 
operation he ever saw was the removal of an upper jaw by Joseph Pancoast, and 
his first operative case—in the days of the Indian wars—removal of an arrow 
which had penetrated deeply just below the left eye. He was office student of Jacob 
DaCosta and John Brinton while he studied at Jefferson Medical College. 

Sworn into service as assistant surgeon in Washington, July 4, 1861, he wit- 
nessed actual warfare in the Battle of Bull Run. Just after the Civil War he 
was a pupil in Paris of Pouchet, son of Pasteur’s opponent. In 1865 he was a pupil 
in Virchow’s laboratory. On the occasion of Lister’s visit to Philadelphia in 
1876, Keen became fully converted to Lister’s views. 

Keen’s course of lectures at Jefferson on Pathological Anatomy in 1866-1867 
was the first ever given in Philadelphia. The first official course in surgical 
pathology was authorized in 1897. In the 60’s assistants in the dissecting room 
often came directly to the surgical clinics to assist in operations. Pancoast, 
Gross, and all others ‘‘operated in discarded, blood-stained coats, the veterans 
of a hundred fights.’”’ The teaching faculty consisted of seven professors and one 
demonstrator—anatomy. There were no ward classes. At Jefferson, they had 
two rooms, with five or six beds each, for the most serious cases. 

The first laboratory of research in the United States was established in 1884. 
As late as the 80’s there were in most hospitals no trained nurses. The first 
clinical thermometer he ever saw was brought to him from London in 1876 by 
Weir Mitchell. Of the blood, knowledge was most primitive. The electro- 
cardiograph was not even a dream; no radium and no X-rays; no knowledge of 
test meals. Until the 80’s or go’s, smallpox was the only enemy combated by 
vaccination. There were no serums, and no knowledge of how to prevent tetanus, 
diphtheria, malaria, yellow fever, and other diseases. The real cause of tubercu- 
losis was not known until 1882. Protective measures for the well were not even 
thought of; there was no knowledge of bacteria and bacteriology. Vaccination, 
anesthesia, and antisepsis (including bacteriology), Keen rated as “the three 
greatest blessings in the realm of medicine conferred on man since the Christian 
era began,” and Lister’s genius in applying Pasteur’s discoveries to surgery 
“wrought the greatest revolution surgery has ever witnessed.”’ 

Nothing was known of endocrine glands and their important functions, nor 
of hormones and their mechanism. There was no Schick test, Noguchi test, 
Pirquet test, Wassermann reaction, etc. Nothing was known of the spread of 
diseases by the fly, the flea, the mosquito, the louse, the rat, and the cattle tick. 
So-called sanitation was ineffective, because bacteria were unknown. 

In the operative surgery of Keen’s surgical youth he listed amputations, 
ligation of arteries, occasional excision of joints, removal of external tumors, 
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ovariotomy, cutting for stone in the bladder. Gall stones were first removed from 
the gall bladder by Bobbs, of Indianapolis, in 1867. Goiter operations were in- 
frequent. Ophthalmology and the other specialties were just becoming visible. 
Surgery of the head, the chest, and the abdomen was rare. The cause of appendi- 
citis was not known until 1886. There was occasional plastic surgery. In 1895 
diphtheria antitoxin was discovered. Operations for quiescent hernia were rare. 

Instruments were not disinfected; there were no artery forceps. Absorbable 
catgut ligatures were intoduced by Lister in 1869. There were no modern re- 
tractors, and hypodermic syringes and the aspirator were not in general use until 
toward the end of the Civil War. Gauze ‘“‘sponges” came into general use in the 
late 70’s or early 80’s, prior to which only marine sponges were used, both in 
clean and in suppurating cases. In dislocations of the hip, and sometimes of the 
shoulder, the “barbarous block and pulley” were used. Fractures of the base of 
the skull were almost uniformly fatal. ‘‘Mastoid disease’? was unknown by 
Gross and Erichsen, in 1859. Cerebral localization was foreshadowed by Hugh- 
lings Jackson in 1867. Localization and subsequent removal of a tumor of the 
spinal cord were first described by Gowers’ and Horsley in 1888. Chevalier 
Jackson was not born till 1865. “In the chest, the heart lies in a straight line 
only one inch from the surface, yet, as Frederic Lee has strikingly said, it took 
surgery, with laggard step, twenty-four centuries to travel that one inch.” 
“Imagine, if you can,” said Keen, ‘‘the forlorn condition of the doctor sixty 
years ago—without everything except his eyes, his ears, and his fingers; then you 
can appreciate the triumphal march of medicine during a single lifetime.” 

Dr. J. Chalmers DaCosta, Keen’s successor as professor of surgery in Jef- 
ferson in 1907, said of him: ‘Dr. Keen was always calmer, quieter, kinder, pleas- 
anter, the worse the surgical situation was, and I never saw it get the best of him.” 

Dr. Keen was a great teacher. He once said: ‘I always feel at the Jefferson 
Hospital as if I were on the run with a pack of lively dogs at my heels. Students 
are the best whip and spur I know.”’ He was a great man, a great American, a 
great surgeon, and the beloved dean of our medical profession. He knew the joy 
of living. The ‘“‘wondrous love of God for Man and the final lofty destiny of the 
Human Race” was to him “the most impressive, the most inspiring thought of 
all the ages.”” In speaking to a group of graduates, he said: “If in your own life 
you realize the characteristics of the ideal physician . . . if you attain to old age, 
when the hairs whiten and the crow’s feet begin to show, when your natural 
forces are abated, you will then not be alone in the world, but will have honor, 
love, obedience, troops of friends, and one Friend above all others, the Great 
Physician.’’ We know this was and is his reward. The world is a better place for 
his having been here. His monument is built in the hearts of his thousands of 
friends, and his memory will live on through the ages. FRANKLIN H. MARTIN. 
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William Williams Keen was born in Philadelphia, January 19, 1837, the son 
of William W. and Susan (Budd) Keen. In 1867, he married Emma Corinna 
Borden, of Fall River, Massachusetts, who died in 1886. His children, all of 
whom survive him, are Corinne (Mrs. Walter J. Freeman), Florence, Dora 
(Mrs. George W. Handy), and Margaret (Mrs. Howard Butcher, Jr.). 

Degrees received include A.M., Brown University, 1859; M.D., Jefferson 
Medical College, Philadelphia, 1862; Sc.D., 1912; LL.D., from Brown in 18g91, 
Northwestern and Toronto in 1903, Edinburgh in 1905, Yale in 1906, St. Andrews 
in 1911, and Pennsylvania in 1919; Ph.D. from the University of Upsala in 1907; 
Sc.D. from Harvard in 1920; Doctor, honoris causa, University of Paris, 1923. 

After study in Europe during 1864-1866, he established himself in practice at 
Philadelphia. During 1866-1875 he conducted the Philadelphia School of 
Anatomy; lecturer in pathological anatomy at Jefferson Medical College, 1866- 
1875; professor of artistic anatomy, Pennsylvania Academy of Fine Arts, 1876- 
1889; professor of surgery, Woman’s Medical College, 1884-1889; professor of 
surgery, Jefferson Medical College, 1889-1907, and professor emeritus from 1907. 

Assistant surgeon U.S. Army in 1861, and acting assistant surgeon 1862- 
1864. He volunteered for the Spanish-American War, but owing to its short 
duration, his services were not required; 1st Lt., M. R.C., U.S. A., 1909; major, 
1917-18. Member of the National Research Council 1917-18. 

Charter trustee, Crozer Theological Seminary, from 1867; trustee and fellow, 
Brown University, from 1873; president, American Surgical Association, 1899, 
American Medical Association, 1900, College of Physicians, Philadelphia, 1q00- 
1901, International Congress of Surgery, Paris, 1920 (the first American to hold 
the office), Congress of American Physicians and Surgeons, 1903, American 
Philosophical Society, 1907-1917; honorary fellow, Royal College of Surgeons of 
England, Edinburgh, Ireland, Italian Surgical Society, American College of Sur- 
geons; associate fellow, American Academy of Arts and Sciences; honorary fel- 
low, Boston Surgical Society (awarded Bigelow gold medal); awarded Colver- 
Rosenberger medal of honor, Brown University; gold medal by Pennsylvania 
Society of New York. Officer, Order of the Crown of Belgium, 1920; officer, 
Légion d’Honneur, France, 1923; member, Founders and Patriots of America, 
Loyal Legion, Medical Veterans of the World War, Sigma Xi. 

Author of Reflex Paralysis, and Gunshot Wounds and Other Injuries of Nerves 
(both with Weir Mitchell and Morehouse), 1864; Keen’s Clinical Charts, 1870; 
History of the Philadelphia School of Anatomy, 1874; Early History of Practical 
Anatomy, 1870; History of the First Baptist Church of Philadelphia, 1898; Surgical 
Complications and Sequels of Typhoid Fever, 1898; Addresses and Other Papers, 
1905; Animal Experimentation and Medical Progress, 1914; The Early Years of 
Brown University, 1764-1770, 1914; Ether Day Address, 1916; Treatment of War 
Wounds, 1917; Surgical Operations on President Cleveland, 1917; Colver Lectures 
at Brown University on “Medical Research and Human Welfare,” 1917; Selected 
Papers and Addresses, 1922. Editor: Heath’s Practical Anatomy, 1870; Diagrams 
of the Nerves of the Human Body, by W. H. Flower, 1872; American Health 
Primers, 1879-1880; Holden’s Medical and Surgical Landmarks, 1881; Gray’s 
Anatomy, 1887; American Text-Book of Surgery, 1892, 1903; I Believe in God and 
in Evolution, 1922; Everlasting Life, 1924; Keen’s Sysiem of Surgery, 1906-21. 

For much of the material contained in the above sketch, I am indebted to Dr. Keen’s writings, to 


William Williams Keen by Wilfred Pickles, M.D., of Providence, Rhode Island (Rhode Island M. J., 
1927, X, pages I-10), and to Who’s Who in America. 
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PENNSYLVANIA HOSPITAL 


OF PHILADELPHIA 


FRANCIS R. PACKARD, M.D., PHILADELPHIA, PENNSYLVANIA 


/ THE Pennsylvania Hospital was chartered 
| by the Provincial Assembly of Pennsylvania 
in 1751, and claims to be the oldest hospital 
established as such in the British Colonies in 
North America. There are several institutions 
which are now great hospitals, notably the 
Philadelphia General Hospital (1731) and Belle- 
vue Hospital in New York (1735), which date 
their founding prior to that of the Pennsylvania, 
but they were established as poorhouses or alms- 
houses and shelters for the aged and dependent, 
and only became hospitals in the modern sense of 
the term many years later. 

The story of the founding of the Pennsylvania 
Hospital is concisely related by Benjamin Frank- 
lin in his Autobiography. He ascribes the credit 
of originating the idea to Dr. Thomas Bond, a 
distinguished physician of Philadelphia. Bond 
had endeavored to raise funds by private sub- 
scription for the purpose. He had not approached 
Franklin because he thought it out of his line. 
However, as all those to whom he spoke asked 
him what Franklin thought about it, he finally 
determined to consult him. Franklin at once 
gave him his hearty co-operation, and his political 
and personal influence to get a charter and raise 
money, and Bond’s project was soon realized. 
The administration was placed in the hands of a 
Board of Managers, twelve in number, elected 
from among the contributors. Joshua Crosby, a 
wealthy merchant, was elected the first president 
and Benjamin Franklin, clerk of the Board. 
When Crosby died in 1755 Franklin succeeded to 
his office. 

The hospital was opened for patients in Feb- 
ruary, 1752, in a house rented from the estate of 
Judge Kinsey, on the south side of High (now 
Market) Street below Seventh. It is curious to 
find the Managers adopting measures to provide 
occupation for such patients as could be em- 
ployed, the modern “occupational therapy,” at 
an early date, providing large and small spinning 
wheels, two pairs of cards, and wool and flax “‘to 
employ such patients as may be capable of using 
the same.” The first medical staff was composed 





of Drs. Thomas and Phineas Bond, and Lloyd 
Zachary, with “Drs. Graeme, Cadwalader, Moore, 
and Redman to assist in consultation on extraor- 
dinary cases.” Benjamin Franklin and Thomas 
Bond devised a seal for the hospital. It bore a 
device of the Good Samaritan relieving a sick 
man, with the inscription “Take care of him, and 
I will repay thee.”” The seal was made by a silver- 
smith in Boston and remained in use until 1833, 
when, being worn out, it was broken and a new 
one bearing the same design and inscription sub- 
stituted for it. 

The hospital soon outgrew its temporary 
quarters and the Managers purchased a perma- 
nent site on which to build on Pine Street between 
Eighth and Ninth streets. Some years later 
(1767) the Penn family donated to them a strip of 
land along Spruce Street, which thus provided the 
hospital with the entire block, which it occupies to 
the present day. The cornerstone of the buildings 
for the hospital was laid on May 28, 1755, with 
Masonic ceremonies. It is exposed in the wall 
and bears the following inscription, composed by 
Benjamin Franklin: 


IN THE YEAR OF CHRIST 
MDCCLV 
GEORGE THE SECOND HAPPILY REIGNING 
(FOR HE SOUGHT THE HAPPINESS OF HIS 


PEOPLE) 
PHILADELPHIA FLOURISHING 


(FOR ITS INHABITANTS WERE PUBLICK 
SPIRITED) 


THIS BUILDING 
BY THE BOUNTY OF THE GOVERNMENT 
AND OF MANY PRIVATE PERSONS 
WAS PIOUSLY FOUNDED 
FOR THE RELIEF OF THE SICK AND MISERABLE 
MAY THE GOD OF MERCIES 


BLESS THE UNDERTAKING, 




















By December 17, 1756, all the patients had 
been removed from the old quarters into the 
new building, the wards of which have been 
occupied continuously ever since. 

The records of the patients admitted to the 
hospital have been carefully preserved and some 
of the earlier ones are most interesting. Among 
them we find patients admitted who had been 
injured by hostile Indians. Thus “March a1, 
1756, admitted David Howell, a poor patient 
from Berks County, having a Gunshot wound 
and fractured Bone in one Arm done the 6th inst. 
by the Enemy Indians’; and “‘October 3, Marga- 
ret Sinclair, a poor patient, with Disiness in the 
Head having been much abused by the Indians.”’ 
On October 13, 1755, ““Michael Higgins, a Soldier, 
was admitted, having his underjaw shot off in the 
late Engagement under General Braddock,” and 
there are entries of many other admissions of 
soldiers injured during the continuance of the 
war with the French and Indians. 

During the Revolution the hospital underwent 
some serious vicissitudes. At the outset it was 
utilized by the Americans but during the British 
occupation of Philadelphia from September, 1777, 
to May, 1778, it was taken over by their medical 
department. When the Americans regained the 
city the medical department of the Continental 
Army rented the “Elaboratory” of the hospital 
for the purpose of preparing medical supplies, 
and made arrangements for the admission of a 
number of soldiers on a paying basis to its wards. 

On December 31, 1790, Mrs. Stephen Girard, 
the wife of the rich banker and philanthropist, 
was admitted as a lunatic pay patient. On 
March 3, 1791, she gave birth to a daughter, 
who was put out to nurse by the Hospital Mana- 
gers, with one John Hatcher’s wife. The child 
died on August 26, 1791, and the funeral expenses 
were paid by the steward of the hospital. Mrs. 
Girard died on September 13, 1815. She was 
buried on the hospital grounds but the exact 
location of her grave has never been found. 
Although there are several other entries in the 
Minutes showing that occasional accouchements 
occurred in the wards of the hospital, a lying-in 
department was not opened for many years. In 
1793 a legislative act was passed authorizing the 
hospital to establish such a department, but no 
further action was taken until 1803, when the 
Managers formally announced the opening of a 
lying-in department in the hospital. In 1807 the 
First Troop of Philadelphia City Cavalry gave the 
hospital the pay which it had just received from 
the United States Government for its services 
during the Revolution, the money to be applied 
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Inscription on cornerstone of buildings for hospital, laid 
May 28, 1755. 


to “the purpose of a Lying-In and Foundling 
Hospital.” No special medical officer was as- 
signed to the department until 1810, when Dr. 
Thomas Chalkley James was appointed physician 
to the lying-in department. Drs. Hugh L. 
Hodge and Charles D. Meigs were both physi- 
cians to this department in the forties and fifties 
during the height of their controversy with 
Oliver Wendell Holmes on the subject of puerperal 
fever. The record of the various changes in the 
location of the lying-in ward is a sufficient index 
of the contagiousness of puerperal fever. It was 
opened on the second floor of the East Wing in 
1803. In 1817 it was moved to the apartment 
known as the Contributors’ Room, from which 
it was changed to the second story of the Centre 
Building in 1824. In 1830 the physicians directed 
attention to a renewed prevalence of puerperal 
fever and the lying-in department was ordered 
closed. Some months later after thorough cleans- 
ing and disinfection it was re-opened, but in 1839 
it was necessary to move it once more, this time 
to the Picture House, a small isolated building on 
the hospital grounds. Here it remained until 
1851 when the staff decided that puerperal fever 
had become endemic, and the ward should be 
closed. The department was finally abandoned 
altogether in 1854. A few years ago the Philadel- 
phia Lying-In Hospital was merged in the 
Pennsylvania Hospital, so that the institution 
has now a splendidly equipped modern obstetric 
hospital. 

It is noteworthy that the three members of 
the first medical staff of the Pennsylvania Hos- 
pital, the two Drs. Bond and Lloyd Zachary 
had all finished off their medical education by 
study abroad. All of them were men of the 
highest professional standing and their successors 
maintained the reputation of the staff and kept 
the work of the hospital on the highest plane. A 
brief enumeration of some of those elected to the 
staff will suffice to show the truth of this asser- 
tion. To John Morgan and William Shippen, Jr., 
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House of Employment, Alms House, and Pennsylvania Hospital. (From engraving by Hulett.) 


belong the honor of holding the first two chairs 
in the first medical school founded in the British 
Colonies, that of the University of Pennsylvania, 
founded in 1765. Adam Kuhn, the third pro- 
fessor to occupy a chair in the medical school was 
also physician to the hospital for many years. 
Benjamin Rush, a signer of the Declaration of 
Independence, a pioneer in the proper treatment 
of mental diseases, and the best known medical 
teacher of his day, was constant in his attention 
to his duties at the hospital from his election to 
the staff in 1783 until his death in 1813. Caspar 
Wistar, the author of the first American anatom- 
ical textbook, and in whose memory the famous 
Wistar Parties are yet given by members of the 
American Philosophical Society, was a member 
of the staff for seventeen years. Philip Syng 
Physick, the most famous surgeon of his day in 
America, served on the staff from 1794 until 1816. 
All of these men had received the degree of M.D. 
from the University of Edinburgh and they all 
exerted a powerful influence on medical teaching 
and practice in their day. Of their successors I 
might recall the names of John C. Otto, who 
wrote the first report of the occurrence of the 
hemophilic diathesis in a family; John Rhea 
Barton, the inventor of the Barton bandage and 
of the “bran dressing” for fractures; Hugh L. 
Hodge and Charles D. Meigs, the two eminent 
obstetricians whose memory is unfortunately 
forever linked with their erroneous views on 
puerperal fever; George B. Wood, the first editor 
in collaboration with Franklin Bache, of the 
United States Dispensatory and William Wood 
Gerhard, who established the essential difference 
between typhus and typhoid fevers. 

In 1766, the year after the establishment of the 
medical school, Thomas Bond began giving 


courses of clinical lectures in the hospital, the 
first given in this country. 

In 1773 the hospital began taking “appren- 
tices.” They served 5 years and at the end of that 
time, if their services had been satisfactory they 
were given a certificate and a suit of ‘“‘cloathes.” 
These young men lived in the hospital and their 
duties corresponded closely with those of the 
present day internes, although they were not 
graduates in medicine. In 1824 the Managers 
began the practice of taking young medical 
graduates as resident physicians. The first two, 
appointed in that year, were Caspar Wistar and 
Caspar Morris. 

It is impossible to find out just where opera- 
tions were performed in the early years of the 
hospital as there is no mention of any special 
operating room in the records until 1804, when 
a clinical amphitheatre was constructed on the 
third floor of the Centre Building. This room, 
though the lower part is now used for other 
purposes, still contains the upper tiers of benches 
from which students must have witnessed opera- 
tions by Physick, and heard the lectures of Ben- 
jamin Rush, and the other great men of the past. 
In 1869 a new amphitheatre was constructed and 
the old one abandoned. The second amphi- 
theatre in turn was replaced by a handsome 
modern operating theatre in 1896. 

From its foundation to the present day the 
Pennsylvania Hospital has extended the use of 
its wards for teaching purposes. The staff was 
authorized by the Managers to bring their ap- 
prentices or students into the wards, and other 
students could obtain admission to the operations 
and clinics at the hospital by the payment of 
certain fees. In 1762 Dr. John Fothergill, the 
famous Quaker physician of London, presented 
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Pine Street front of the hospital engraved by Tucker, 1820. 


the hospital with a set of anatomical and obstet- 
rical casts and pictures. The latter had been 
painted by Van Rymsdyk, the celebrated Dutch 
anatomical artist, living in London, who had 
made most of the illustrations for William Hunt- 
er’s great book on The Gravid Uterus. They cost 
Dr. Fothergill 200 guineas. He sent them over to 
the hospital in the care of Dr. William Shippen, 
Jr., who was returning to America after the 
completion of his medical studies abroad, and 
had discussed with Dr. Fothergill during his so- 
journ in London his plans for giving courses in 
anatomy and midwifery in Philadelphia, and 
Fothergill wrote the Managers that he hoped his 
gift would be of use to Shippen or other teachers 
as he realized that there would be difficulty in 
procuring bodies for dissection. Shippen had been 
a pupil of William Hunter in London—the first 
teacher of anatomy in London to adopt what was 
known as the “French method” of teaching anat- 
omy, namely providing human corpses for his 
students actually to dissect, instead of relying on 
the use of models, casts, and pictures. Although 
Shippen certainly used the Fothergill casts and 
pictures we know that he managed to procure 
bodies for his students to dissect, as he wrote in a 
published statement that he had received from the 
judges the bodies of executed criminals, and had 
also procured some from the Potter’s Field. 


In 1762, Dr. John Fothergill again showed his 
interest in the hospital by presenting it with a 
book entitled An Experimental History of the 
Materia Medica, by William Lewis, F.R.S., “for 
the Benefit of the Young Students in Physic who 
may attend under the direction of the Physicians.”’ 
In 1763 the physicians to the Hospital furthered 
this idea by presenting the following resolution 
to the Managers: 

“As the Custom of most of the Hospitals in 
Great Britain has given such gratuities from 
those students who attend the Wards of the Hos- 
pital to the Physicians and Surgeons attending 
them, we think it properly belongs to us to ap- 
propriate the Money arising from thence. And 
we propose to apply it to the founding of a 
Medical Library in the Hospital which we judge 
will tend greatly to the Advantage of the Pupils 
and the honor of the Institution.” This proposal 
was accepted by the Managers who agreed to 
provide suitable accommodations for the books, 
and thus began the first public medical library 
in this country. Shortly after the library received 
a number of valuable books from the estates of 
Dr. Benjamin Morris and Dr. Lloyd Zachary. 
William Strahan, the London publisher, in 1774, 
made a donation of books to the value of one 
hundred pounds. In 1790 the Managers re- 
quested Dr. John Coakley Lettsom, of London, to 
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select and purchase medical books for the library. 
Dr. Lettsom not only expended most judiciously 
the money sent him for this purpose, but also 
donated many books to the library. For many 
years the library continued to grow and was 
much used but in the later years of the Nine- 
teenth Century the rapid growth of the Library 
of the College of Physicians soon surpassed it. 
In 1893 it contained 14,812 volumes, including a 
number of medical incunabula, many valuable 
herbals, and classic medical works, and complete 
sets of most of the older medical journals, such 
as the Lancet and the American Journal of the 
Medical Sciences. 


‘rom its foundation provision was made in the 
hospital for the care of insane patients. In 1841, 
a separate department was created for this branch 
of its work, located on a large tract of land pur- 
chased by the Managers for this purpose, in West 
Philadelphia. From the opening of this depart- 
ment until his death in 1883, Dr. Thomas S. 
Kirkbride was its physician in chief and super- 
intendent. In the minds of the public this long 
association led to the bestowal of his name as a 
synonym for that of the hospital and to many 
persons ‘‘Kirkbride’s’’ was more generally known 
than the Department for the Insane of the 
Pennsylvania Hospital. 











